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CHAPTER    VII. 

GUN-CARRIAGES. 

Section  I.  —  United  States  Naval  Gun-carriages. 

905.  GENERAL  CONSIDERATIONS.  —  The  first  of  all  con- 
siderations as  to  the  mounting  of  the   battery  is,  that   it 
should  admit  of  the  utmost  possible  rapidity  of  fire,  united 
with  accuracy  of  aim.     It  is  important  to  secure  the  great- 
est possible  efficiency  of  the  weapon  under  the  conditions  in 
which  it  is  required  to  be  employed. 

The  duty  of  providing  the  most  perfect  means  of  working 
guns  seems  to  be  second  only  in  importance  to  that  of  adopt- 
ing the  best  material,  form,  and  construction  for  the  gun 
itself.  Of  two  similar  guns,  that  which  can  fire  the  greatest 
number  of  rounds  in  a  given  time  is  certainly  most  effective, 
and  rapidity  of  fire  depends  much  more  on  the  gun-carriage 
and  conveniences  for  loading,  than  upon  any  peculiarity 
attaching  only  to  the  gun. 

906.  Owing  to  the  increase  in  the  size  and  power  of  ord- 
nance since  the  introduction  of  armor,  gun-carriages   have 
gradually  become  elaborate  machines ;  and  mechanical  sci- 
ence, in  the  hands  of  naval  experts,  has  produced  carriages 
and  slides  which  enable  the  heaviest  guns  to  be  easily,  accu- 
rately, and  safely  worked  on  the  broadsides  of  ships.     The 
great  superiority  of  wrought-iron  to  timber  as  a  material  for 
gun-carriages  is  now  universally  acknowledged. 

907.  REQUIREMENTS   OF    MECHANICAL    CARRIAGES. — 
These  are:  powerful  moving-machinery  so  contrived  as  to 
be  unaffected  by  the  concussion  of  firing ;  self-acting  con- 
trolling  gear,  almost  independent  of   human  carelessness ; 
the  gradual  absorption  of,  rather  than  rigid  resistance   to 
shocks ;  the  dispersion  of   concussions  over  large  surfaces ; 
independence  of  distortion  of,  or  other  injuries  to  the  ship's 
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side ;  smoothness  and  ease  of  motion  in  every  direction,  and 
safety  under  all  conditions  of  the  sea. 

908.  DISAPPEARING  SYSTEMS.  —  Guns  mounted  on  the 
disappearing  principle,  are  arranged  to  drop  when  fired  into 
a  position  in  which  they  can  be  loaded  under  cover,  and 
from  which  they  are  only  raised  when  required  again  to  de- 
liver their  fire.     (Art.  958.) 

909.  In  this  system  the  gun  must  not  only  be  loaded 
while  lowered  and  under  cover,  but  it  is  usually  fitted  to  be 
trained  and  aimed  while  there,  by  indirect  methods,  such  as 
by  telescopic  apparatus  adapted  to  the  gun's  axis,  and  so 
arranged  that  it  can  enable  an  observer  to  look  over  and 
above  the  cover. 

910.  GUN-CARRIAGES    are    divided    into    two    classes : 
broadside  carriages  and  pivot  carriages.      Of  the  broadside 
carriages,  only  one  is  in  use  at  the  present  time,  viz.,  the 
iron  Marsilly  carriage  for  the  IX-inch  M.  L.  S.  B.,  and  the 
100-pounder,  M.L.R.     The  pivot  carriages  are  of  two  kinds : 
shifting-pivot  carriages  and  muzzle-pivot  carriages. 

911.  SHIFTING-PIVOT  CARRIAGES  are  used  for  mounting 
heavy  guns  which  can  be  fired  on  either  side.     They  have 
two  pivot  centres  ;  are  generally  secured  amidships,  and  can 
be  shifted  to  either  side.      They  are  manoeuvred  by  means 
of  tackles,  and  require  a  large  port. 

912.  MUZZLE-PIVOT  CARRIAGES  are  used  for  mounting 
heavy  guns  in  broadside.    They  have  one  pivot  centre  nearly 
under  the  muzzle,  generally  in  the  ship's  side,  in  the  centre 
of  the  port.     They  are  manoeuvred  by  means  of  mechanical 
gearing,  and  require  only  a  small  port. 

All  pivot  carriages  are  composed  of  two  parts,  —  the 
carriage  proper  and  the  slide.  The  gun  is  mounted  on  the 
carriage,  which  moves  in  and  out  on  the  slide.  The  slide  is 
pivoted  to  the  ship,  and  gives  the  lateral  train. 

913.  The  pivot  carriages  in  use  in  our  service  are  — 
(1.)  S.  P.  carriage  for  Xl-inch  M.  L.  S.  B.,  side  com- 
pressor. 

(2.)  S.  P.  carriage  for  8-inch  M.  L.  R.,  central  compressor. 

(3.)  M.  P.  carriage  for  8-inch  M.  L.  R.,  hydraulic  cylin- 
der. 

(4.)  M.  P.  carriage  for  8-inch  M.  L.  R.,  Ericsson  carriage 
and  compressor. 

(5.)  S.  P.  carriage  for  8-inch  M.  L.  R.,  or  80-pdr.  B.  L. 

civculcir  L)i*tiKiG 

'  (6.)  S.  P.  carriage  for  60-pdr.  B.  L.  R.,  or  M.  L.  R.,  di- 
recting-bar. 
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914.  MAKSILLY  BROADSIDE  CARRIAGE  (Fig.  227).* 

Nomenclature. 

A.  —  Brackets.  M.  —  Trucks. 

B.  —  Rear  Transom.  N.  —  Cap-squares. 

C.  —  Breast-piece.  O.  —  Angle-iron. 

D.  —  Sweep-niece.  9.  —  Side  Tackle-bolt. 
F.  —  Front  Transom.  10.  —  Train  Tackle-bolt. 
K.  —  Composition  Shoes.  11.  —  Transporting-bolt. 
L.  —  Elevating-screw. 

The  Brackets,  A,  are  made  of  wrought-iron  ;  on  their  rear 
lower  portion  are  placed  composition  shoes,  K,  which  rest 
upon  the  deck. 

The  Transoms,  BF,  are  of  wrought-iron  plate ;  the  front 
transom,  F,  and  rear,  B,  are  riveted  to  the  brackets  by  angle- 
iron,  O. 

The  Truck-axle  passes  through  the  forward  lower  ends 
of  the  brackets,  shown  in  the  figure  by  the  dotted  line  ;  on 
these  axles  composition  trucks,  M,  one  calibre  in  thickness, 
are  placed. 

Elevating-gear.*  —  At  the  height  of  the  breast-piece,  D, 
and  just  in  rear  of  the  trunnion-holes,  are  rods  connecting 
the  brackets ;  on  these  are  pivoted  a  bar,  P,  whose  rear  end 
rests  on  the  head  of  the  male  and  female  screw,  L,  which 
works  in  the  bed-plate  of  the  carriage  to  such  an  extent  that 
when  the  gun  has  extreme  elevation,  the  screw  is  consider- 
ably below  the  bed-plate,  B,  yet  does  not  touch  the  deck. 

Side  (9),  Train  Tackle  (10),  and  Transporting  Bolts  (11) 
are  of  composition. 

The  Breast-piece,  C,  is  of  wood,  and  arranged  to  be  at  the 
height  of  and  work  on  the  sweep-piece,  D. 

The  Socket-plate  consists  of  a  metal  plate,  with  an  inden- 
tation or  socket  for  the  boss  of  the  roller-handspike  to 
take  in.  It  is  placed  under  and  at  the  rear  edge  of  the 
transom,  B. 

Cap-squares,  N,  are  of  composition,  and  secured  to  the 
brackets  by  screw-nuts. 

The  Recoil  is  checked  by  the  friction  exerted  between  the 
deck  and  the  composition  shoes,  K,  whose  rear  edges  are 
curved  upward  to  prevent  injury  to  the  deck  on  recoil. 

The  Roller-handspike,  K,  Fig.  228,  consists  of  a  bronze 
head  and  socket  with  a  hickory  handle  ;  in  the  head  are 

*  The  plate  (Fig.  227)  shows  the  Marsilly  Carriage  as  fitted  for  the  VIII- 
inch  M.  L.  S.  B.  which  is  only  used  in  exceptional  cases.  The  carriage  for  the 
IX-inch  differs  in  that  it  is  longer  in  proportion,  and  carries  on  the  rear  tran- 
som a  saucer  for  the  end  of  the  elevating  screw  :  the  bar  and  double  screw  are 
not  used,  but,  instead,  a  long  screw  through  the  cascabel. 
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placed  two  lignum-vitce  rollers,  four  inches  in  diameter,  work- 
ing on  a  line  through  the  sides  of  the  head.     A  boss,  L,  is 
cast  at  the  junction  of  the  head  and  socket,  making  an  angle 
of  70°  with  the  socket.     In 
the    socket   is    placed    the 
hickory  handle. 

When  in  use,  the  lift  of 
the  carriage  is  greatest  with  FIG.  228. 

the  boss,  L,  vertical,  as  it  is 

then  raised  %  inch  above  the  deck.  In  service  the  best 
result  is  obtained  with  the  handle  at  the  hip.  Care  must  be 
used  to  maintain  the  axis  of  the  roller  perpendicular  to  the 
motion  of  the  carriage ;  otherwise  the  weight  cants  the  head, 
causing  the  rollers  to  deface  the  deck. 

915.  S.  P.  CARRIAGE,  SIDE  COMPRESSOR. 

Nomenclature. 

SLIDE. 

A.  —  Slide-rails.  E.  —  Transporting-trucks. 

B.  —  Transoms.  F.  —  Slide-rollers. 

C.  —  Front  and  Rear  Hurters.  1,  2,  3.  —  Tie-bolts. 

D.  —  Pivot-holes.  4.  —  Transporting-axle. 

CARRIAGE. 

G.  — Brackets.  O.  —  Angle-iron  connecting  brackets, 
H.  —  Front  Bed-plate.  etc. 

I.  _  Rear  Bed-plate.  P.  —  Bolts  for  Preventer-breeching. 

K.  —  Eccentric  Rollers.  Q.  —  Compressor  Plate. 

L.  _  Front  Rollers.  R.  —  Bolts  of  in-and-out  Tackles. 

M.  —  Cap-square.  S.  —  Vertical  Transom. 
N.  —  Composition  plates  to  increase       P'.  P'.  —  Journal  Plates.    V.  Compres- 
friction.  sor. 

PRINCIPAL  DIMENSIONS. 

Extreme  length 15  ft.    7  in. 

Length  between  pivots 11  ft.  10  in. 

Width  of  slide 3  ft.    (J  in. 

Width  of  rails 0  ft.    5  in. 

Radius  of  training-track 10  ft.  10  in. 

Radius  of  traversing-track 12  ft.    Gin. 

The  Slide,  A,  consists  of  two  rails  of  double  T  rolled 
wrought-iron,  8.87  inches  high  by  5  inches  wide,  connected 
by  the  tie-bolts,  1,  2,  3. 

The  Transoms,  B,  are  of  1^-inch  wrought-iron  of  the  form 
shown  iu  the  figure,  and  riveted  to  the  under  side  of  the  rails, 
A ;  they  project  beyond  and  have  fitted  to  them  composition 
rollers,  F,  on  eccentric  axles,  the  latter  being  secured  by 
plates  and  bolts.  Levers  shipped  on  the  projecting  ends  of 
the  axles  put  the  rollers  in  and  out  of  action. 

The  Hurters,  C,  are  the  brass  castings  riveted  to  each  end 
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of  the  slide-rails  for  the  carriage-trucks  to  run  against.  Each 
of  these  carries  bolts  for  the  blocks  of  the  in-and-out  tackles 
beneath  them,  and  to  the  vertical  part  of  the  T  rail  are  at- 
tached brass  plates  with  bolts  for  the  blocks  of  the  shifting 
and  training  tackles. 

Coincidence  of  the  Pivot-holes,  D,  is  secured  by  plates 
screwed  to  the  slide-transoms,  B,  and  distant  from  each  other 
a  little  more  than  the  diameter  of  the  bossed  socket,  indi- 
cated in  the  figure  by  the  dotted  circle  around  the  pivot- 
hole,  D. 


FIG.  229. 


FIG.  230. 


FIG.  231. 


Form  of  Rail.  —  The  wrought-iron  rails,  A,  when  first 
manufactured  have  the  form  shown  in  Fig.  229,  but  before 
being  placed  for  the  slide  the  under  side  of  the  upper  outer 
portion  of  the  T  is  removed,  giving  it  the  form  of  Fig.  230, 
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in  order  that  the  compressor  may  have  a  flat  surface  to  act 


on. 


Transporting. — About  ten  inches  in  rear  of  the  front 
and  the  same  distance  in  front  of  the  rear  trucks  are  placed 


FIG.  232.  —  Xl-inch  Carriage. 


the  sleeves  for  the  transporting  axle  and  trucks,  E,  the  lat- 
ter of  such  a  diameter  as  to  sustain  the  slide  clear  of  the 
deck  when  let  down  from  its  eccentric  rollers,  F. 

The  Carriage.  —  All  iron  parts  of  the  carriage  are  made 
of    1 -1-inch   wrought-iron,   the   journal-plates,    rollers,     cap- 
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square,  trunnion-rests,  and  preventer-breeching  bolts  being 
of  brass. 

Immediately  beneath  the  trunnion-hole  is  a  vertical  iron 
plate,  S,  extending  down  between  the  brackets  to  the  bed- 
plate, H. 

Preventer  Breechings  are  spliced  to  the  bolts '  on  the 
carriage  and  seized  round  the  tie-bolt  (3)  of  the  slide,  of 
such  a  length  as  to  be  just  taut  when  the  gun  is  out,  and 
allow  the  front  carriage-trucks  to  reach  but  not  ascend  the 
curve  of  the  front  hurter,  F  ;  for  if  the  trucks  should  ascend 
this  curve,  the  compressor-straps  must  surely  give  way  to 
the  power  exerted  to  separate  the  carriage  and  slide  by  such 
a  heavy  weight  moving  with  its  velocity. 

The  Brackets,  G,  rest  on  the  bed-plates ;  and  they  and  the 
vertical  transom,  S,  and  bed-plates,  H  and  I,  are  riveted  to- 
gether with  the  angle-iron,  O. 

The  Bed-plates,  H  and  I,  extend  beyond  the  brackets, 
the  rear,  I,  being  shaped  to  a  double  eye,  for  the  blocks  of  the 
in-and-out  tackles,  the  front,  H,  contracting  into  a  plate  for 
the  compressor-screw  to  work  upon. 

The  Journal-plates,  P',  for  the  eccentric  axle  and  rollers 
are  riveted  to  the  rear  end  of  the  brackets,  G,  the  axle  ex- 
tending across,  between,  and  beyond  the  plates  and  carrying- 
jollers,  K,  revolving  in  the  plates.  These  axles  are  eccen- 
tric in  order  that,  by  the  use  of  levers,  the  trucks  may  be 
placed  in  or  out  of  action  at  pleasure.  In  the  former  case 
.the  carriage  is  raised  and  rests  on  its  rollers,  K ;  in  the  lat- 
ter, it  rests  on  the  slide,  A. 

916.  Form  of  Eccentric  Axle. —  An  ordinary  cylindrical 
axle  has  cast  on  it  an  eccentric  (Fig.  233),  that  is,  instead 
•of  the  two  cylinders  being  concentric,  the  axle  passes  on  one 

side  of  the  centre,  X, 

s^r \  of  the  larger  circle. 

- L  \  \ With  the  axle  at  its 

(\  iijl  X  J  lowest  position,  the 

^ '-^J / ^  rollers  are  out  of  ac- 

FIG.  233.  tion  ;  at  its  upper  po- 

sition, the  carriage  is 

raised  by  the  action  of  the  rollers,  a  height  corresponding  to 
the  eccentricity  of  the  axle. 

The  front  trucks,  L,  are  like  those  of  an  ordinary  car- 
riage, always  resting  on  the  slide  and  revolving  on  any 
^movement  of  the  carriage. 

-917.  The  Compressor^  V  (Fig.  234),  consists  of  a  compo- 
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sition  casting,  V,  having  a  vent,  V,  at  the  centre  of  the 
upper  arm,  through  which  works  a  screw-bolt,  W,  with  han- 
dles. It  is  placed  on  the  compressor-plate,  O,  its  under  lip, 
X,  taking  against  the  under  side  of  the  upper  T  of  the  rail. 


15.05 

FIG.  234.  —  Side  Compressor. 

When  the  screw  is  turned,  the  rail  is  compressed  between 
the  compressor-plate,  O,  and  the  lip  of  the  compressor,  X. 
The  recoil  is  thus  limited  by  the  friction  of  the  different 
parts. 

918.  Recoil.  —  As  the  bed-plates,  H  and  I,  and  rail  are 
each  of  iron,  acting  alone,  sufficient  friction  would  not  be 
excited  to  keep  the  recoil  within  the  desired  limits.     To  cor- 
rect this  deficiency,  after  the  brackets,  G,  have  been  riveted 
to  the  bed-plates,  plates  of  composition,  N,  are  screwed  to 
that  portion  of  the  bed-plates  in  contact  with  the  slide,  thus 
increasing  the  friction  to  the  required  point.     As  the  com- 
pressors are  placed  as  near  as  possible  to  the  brackets,  the 
latter  are  cut  out  to  allow  space  in  turning  the  handles  of 
the  compressor. 

919.  Necessity  of  Eccentric  Rollers  in   the   Slide. — The 
slide-rollers,  F,  are  all   eccentric  for  the  reason  that  when 
shifting  the  slide  at  sea,  with  much  motion  on  the  ship,  it  is 
absolutely  necessary  to  have    complete    control  of  it;    for 
should  it  once  get  away  from  the  crew,  it  becomes  a  serious 
matter  to  again  confine  it. 

When  this  is  likely  to  occur,  the  levers  are  at  once  let 
down,  throwing  the  rollers  out  of  action  and  the  slide  upon 
the  deck,  when,  from  the  great  weight,  the  friction  of  the 
transoms  on  the  deck  will  almost  immediately  stop  it.  This 
would  be  impossible  were  the  slide  always  free  to  move  on 
its  rollers,  and  only  confined  by  tackles. 

920.  S.  P.  CARRIAGE,    CENTRAL    COMPRESSOR.  —  The 
S.  P.  carriage,  side  compressor  (Art.  915),  is  being  converted 
into  a  central  compressor  carriage. 
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and  slide  remains  the  same 


ro 


FIG.  235. 


The  nomenclature  of  the  different  parts  of  the  carriage 

the  side  compressors  are  re- 
moved, and  two  flat  bars  of 
bronze  (Fig.  285),  A,  called 
battens,  are  bolted  to  the 
front  hurter,  and  they  ex- 
tend to  the  rear  about  §  the 
length  of  the  slide,  where 
they  are  bolted  to  a  cross- 
piece  from  one  rail  to  the 
other. 

The  Compressor.  —  On  the  front  transom  (Fig.  236),  A, 
of  the  carriage,  a  heavy  block,  B,  is  bolted  which  has  flanges, 
C,  extending  across  both  battens,  D.  A  large  screw-bolt,  E, 
works  in  the  block,  its  motion  being  controlled  by  a  collar,  F. 
The  bolt  screws  into  another  block,  G,  which  has  flanges  ex- 
tending underneath  the  battens.  A  piece  of  lignum  vita3,  H, 
is  placed  on  each  under-flange  to  increase  the  friction.  On 
top  of  the  screw-bolt  is  a  worm-wheel,  K,  which  passes 
through  a  hole  cut  in  the  transom  at  L,  and  is  turned  by  a 
worm  on  a  shaft,  M,  which  rests  in  journals  on  the  rear  side 
of  the  transom.  The  shaft  projects  through  the  bracket,  and 
terminates  in  a  hand-wheel.  It  is  evident  that  turning  the 
screw  in  one  direction  will  compress  the  battens  between 
the  flanges,  while  turning  the  other  way  releases  them. 

921.  M.  P.  CARRIAGE,  HYDRAULIC  CYLINDER. — Slide. 
—  The  carriage  consists  of  a  slide  (upon  training  trucks),  on 
which  travels  a  top-carriage  bearing  the  gun  (Fig.  237). 

The  slide  consists  of  two  rolled-iron  I  beams,  A,  thirteen 
feet  long,  joined  at  the  ends  by  bronze  transoms,  B,  and  sup- 
ported on  trucks.  This  structure  is  attached  to  the  ship's 
side  by  a  strong  yoke  of  bronze,  C,  two  legs  of  which  couple 
to  heavy  eyes,  cast  on  the  forward  face  of  the  front  transom, 
and  the  third  leg  projects  directly  outboard,  furnished  with 
an  eye  for  receiving  the  fighting  pivot-bolt,  which  drops  into 
a  socket  placed  vertically  under  the  centre  of  the  port  sill. 

The  trucks  of  the  slide  are  bevelled,  so  as  to  run  around 
the  fighting  pivot  as  a  training  point. 

Besides  the  eyes  for  the  yoke,  the  forward  transom  carries 
heavy  ribs  upon  its  forward  side  for  stiffness,  and  the  inboard 
face  carries  india-rubber  bumpers. 

The  rear  transom  carries  bumpers  upon  its  forward  face, 
and  has  projecting  from  its  after  face  (and  cast  in  one  with  it) 
various  arms  or  brackets  which  will  be  described  further  on. 
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It  is  also  heavily  ribbed  along  its  upper  forward  edge.  Both 
transoms  are  kneed  to  the  inside  of  the  rails,  and  joined  to 
them  by  rivets. 


The  trucks  are  fitted  to  suitable  castings  or  seats,  riv- 
eted to  the  under  side  of  each  rail.  As  the  after  truck-seats 
project  somewhat  outside  the  line  of  the  rails,  they  are 
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joined  together  by  a  tran- 
som, to  prevent  them 
from  spreading  when 
subjected  to  downward 
thrust  from  the  gun 
while  it  is  firing  at  an 
elevation. 

The  after  truck-cast- 
ings are  placed  about 
one-quarter  of  the  length 
of  the  slide  from  its  after 
end.  The  forward  ones 
are  so  placed  as  to  bring 
their  trucks  vertically 
under  the  trunnions  of 
the  gun  when  the  latter 
is  run  out. 

The  height  of  the 
truck  seats  is  so  ar- 
ranged as  to  raise  the 
rear  end  of  the  slide  Si- 
inches  higher  than  the 
forward  end.  This  in- 
clination is  increased  by 
the  crown  of  the  vessel's 
deck;  consequently  the 
gun  on  recoil  moves  up 
an  incline,  and  will  usu- 
ally run  to  battery  again 
without  assistance,  when 
the  carriage  is  raised  on 
its  rollers. 

The  'ship's  inside 
planking  is  supported 
against  the  pull  of  the 
pivot  by  strong  iron 
clamps,  the  legs  of  which 
pass  through  the  side  and 
are  riveted  over  a  plate. 

Carriage.  —  The  rails 
of  the  slide  are  placed  far 
enough  apart  to  allow 
the  carriage  to  sink  be- 
tween them  about  eight 


GUN-CARRIAGES. 


367 


inches.  Strong  bronze 
cheek-cleats,  E,  are  riv- 
eted to  each  bracket, 
and  by  their  bearing 
on  top  of  the  rails  pre- 
vent the  carriage  from 
dropping  any  further 
through. 

The  carriage  has 
two  brackets  with  four 
vertical  and  two  hori- 
zontal transoms,  which 
are  joined  to  the  brack- 
ets by  angle-irons ;  the 
breast-transom  stands 
directly  under  the  trun- 
nion-holes. 

The  bearing  for  the 
heel  of  the  elevating- 
screw  is  placed  on  the 
after  bottom  transom, 
and  is  concave  toward 
the  screw;  the  axis  of 
the  screw  standing 
perpendicular  to  the 
curve  at  every  point. 

The  trunnion-seats 
are  of  bronze,  and  bolt- 
ed to  the  brackets  in  the 
usual  manner.  They 
are  of  the  same  general 
shape  as  those  hereto- 
fore used  on  the  XI- 
inch  iron  carriages,  but 
of  greater  diameter  and 
somewhat  heavier. 
The  cap-squares  are 
enlarged  and  strength- 
ened in  a  similar  man- 
ner. 

The  carriage  is  fur- 
nished Avith  four  trucks, 
or  rollers.  The  two 
after  ones  are  on  an 
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eccentric  axle,  while  the  forward  ones  are  plain,  and  raised 
a  little  above  the  rails  when  the  eccentric  is  not  in  action. 
When  the  latter  is  in  bearing,  the  forward  trucks  take  on  the 
rails,  and  the  forward  corners  of  the  cheek-cleats  are  raised 
somewhat,  leaving  the  carriage  altogether  resting  on  its 
rollers.  This  action  is  facilitated  by  chamfering  off  slightly 
the  bearing-faces  of  the  cleats  at  their  forward  edges.  The 
gun  being  placed  much  lower  as  regards  the  rails  than  is 
usual  in  our  pivot  carriages,  it  is  not  possible  to  have  a 
continuous  axle  for  the  front  rollers  of  the  top  carriage. 
Each  is,  therefore,  placed  on  a  stout  independent  bolt,  which 
is  firmly  drawn  up  at  its  inner  end  to  the  bracket. 

The  brackets  are  prolonged  far  enough  to  the  rear  of  the 
knob  of  the  cascabel  to  allow  of  the  after  rollers  being 
placed  upon  a  continuous  axle,  which  carries  eccentrics,  and 
is  thrown  in  and  out  of  action  by  the  usual  form  of  iron 
lever. 

The  throw  or  lift  of  the  eccentrics  is  one  inch  ;  and  a 
part  of  it  only  is  sufficient  to  raise  the  carriage  upon  the 
rollers,  as  described  in  a  preceding  paragraph. 

A  strong  arm,  D,  of  bronze  is  riveted  to  the  rear  tran- 
soms of  the  carriage,  both  vertical  and  horizontal.  It  is  very 
firmly  attached  and  heavily  ribbed,  so  as  to  support  strain 
from  the  rear.  It  projects  below  the  carriage,  and  in  line 
with  the  piston-rod  of  the  recoil-cylinder  it  is  pierced  with 
an  oval  hole  through  which  the  inboard  end  of  the  piston-rod 
passes,  and  is  secured ;  just  below  this  the  arm  terminates. 

On  the  outside  of  the  brackets,  at  each  end,  and  under- 
neath the  inner  edge  of  the  upper  rail-flange,  are  found  the 
clips  or  holding-down  chocks.  They  are  of  bronze,  and  are 
fastened  to  the  brackets  by  screw-bolts.  The  forward  clip 
on  each  side  is  quite  close  under  the  rail-flange,  and  admits 
of  but  small  rise  to  the  carriage.  The  after  one,  however,  is 
placed  sufficiently  below  the  flange  to  allow  of  the  carriage 
being  lifted  on  the  rear  rollers  by  the  eccentric  axles. 

The  cheek-cleats  "carry  near  their  forward  ends  strong 
lugs,  to  which  the  running-clutch  levers  are  pinned. 

922.  Recoil-cylinder.  —  The  recoil-cylinder,  F,  is  made  of 
•f     bronze ;  its  internal  diameter  is  six  inches,  and  it  is  long 
enough  to  allow  the  piston  to  move  six  feet.     The  piston,  G, 
fits  the  diameter  of  the  cylinder  closely. 

The  cylinder  and  its  connections  (forming  a  circulating 
system)  is  placed  at  the  outboard  end  of  the  slide,  being 
firmly  attached  near  its  head  to  the  forward  slide-transom 
by  stout  arms,  carrying  bolts  at  their  upper  ends. 
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Toward  the  inboard  end  the  cylinder  is  supported  by  a 
light  bronze  transom,  H,  expressly  intended  for  it  to  rest 
upon,  and  with  its  circulating  pipe,  is  steadied  by  a  cap- 
square  which  is  keyed  down  over  both.  The  inboard  end 
of  the  cylinder  is  terminated  by  the  stuffing-box,  I,  which 
is  unusually  long  and  heavy;  the  packing  being  tightened  or 
slackened  by  means  of  a  large  wrench  which  fits  on  the 
hexagonal  head.  It  will  be  perceived  that  the  piston-rod,  J, 
draws  out  of  the  cylinder  as  recoil  of  the  gun  takes  place ; 
the  entire  system  being  full  of  fluid  when  the  rod  is  in  and 
the  piston  at  the  forward  end. 

The  circulating  pipe,  K,  is  placed  on  the  right  side  of  the 
cylinder  and  parallel  to  it,  turning  and  entering  the  cylinder 
at  each  end ;  it  serves  to  pass  fluid  from  the  pressure  to  the 
exhaust  side  of  the  piston,  the  fluid  being  sufficiently  ob- 
structed in  its  passage  to  afford  the  necessary  resistance  for 
absorbing  the  recoil  of  the  gun. 

In  the  circulating  pipe  are  the  appliances  for  controlling 
recoil.  The  first  is  just  outside  of  the  cylinder,  and  is 
called  the  regulating  cock,  L.  It  is  a  simple  key  with  an 
aperture  equal  in  area  as  to  that  of  the  circulating  pipe. 
Upon  its  upper  end  the  key  carries  a  short  lever,  which  is 
worked  from  the  right  side  of  the  slide  by  means  of  a  rod 
and  handle.  The  pin  in  the  rod  brings  up  against  the  end 
of  the  slot  in  the  lever  while  the  cock  is  still  open  three- 
tenths  of  its  whole  area.  This  arrangement  prevents  acci- 
dental total  closure  of  the  cock ;  which,  in  firing,  would  be 
followed  by  the  probable  rupture  of  some  part  of  the  mech- 
anism. 

The  rod  by  which  the  lever  is  moved  is  graduated, 
showing  how  much  of  the  aperture  in  the  cock  is  open  for 
each  point.  There  are  holes  in  the  rod  at  the  graduation 
marks,  and  also  one  in  its  guide  ;  when  the  rod  is  set  at  the 
desired  point  a  nut-bolt  is  placed  through  the  holes,  thus  pre- 
venting any  accidental  derangement  of  the  cock.  In  the  case 
of  the  8-inch  rifle  only  two  holes  are  used,  one  for  the  251bs. 
and  one  for  the  351bs.  charge. 

Where  the  circulating  pipe  turns  to  run  parallel  with  the 
cylinder,  is  the  spring-valve,  M.  This  consists  of  a  simple 
poppet-valve  with  a  strong  stem  sliding  through  a  stuffing- 
box. 

Outside  of  the  gland,  the  valve-stem  carries  a  collar,  and 
outside  of  that  a  spiral  spring  is  placed  which  presses  at  its 
inner  end  against  the  collar,  and  at  its  outer  end  against  a 
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stop,  strapped  to  the  flange,  through  which  the  valve-stem 
passes. 

As  the  spring  is  put  in  under  some  compression,  its  action 
tends  to  push  the  valve  home  against  its  seat,  and  to  keep 
it  there  when  the  recoil  mechanism  is  in  a  state  of  rest. 

The  end  of  the  valve-stem  protrudes  from  under  the 
lower  flange  of  the  rail,  and  is  there  attached  to  a  small 
lever,  which  gives  purchase  sufficient  to  enable  a  man  to 
raise  the  valve  by  hand  against  the  pressure  of  the  spring ; 
and  also  against  the  partial  weight  of  the  gun  pressing  (by 
the  fluid)  against  the  reverse  side  of  the  valve. 

The  principal  use  of  the  spring-valve  is  to  give  control 
of  the  gun  while  moving  along  the  rails.  It  is  evident  that 
when  the  gun  is  run  out  and  the  valve  is  closed,  communica- 
tion between  the  two  ends  of  the  hydraulic  cylinder  is  inter- 
rupted, and,  consequently,  the  gun  cannot  move.  If  the 
gun  is  run  in  and  the  valve  is  closed,  the  gun  can  move  until 
the  vacuum  caused  by  the  removal  of  the  rod  from  the 
cylinder  is  passed  over  by  the  piston,  and  the  outboard  face 
of  the  latter  presses  against  the  fluid  in  the  cylinder.  As 
soon  as  this  point  is  reached  the  gun  will  go  no  further,  as 
the  fluid  in  the  circulating  pipe  presses  hard  against  the 
reverse  face  of  the  valve,  and  keeps  it  closed. 

With  the  gun  at  any  intermediate  point  on  the  slide, 
the  effect  produced  by  closure  of  the  valve  is  intermediate 
between  that  described  for  the  piston  at  each  end  of  the 
cylinder.  The  valve  is  automatic  in  its  action  as  regards 
closing  when  pressed  upon  its  outer  face,  and  it  can  be  held 
by  hand,  through  the  lever,  against  pressure  upon  its  inner 
face. 

It  will  be  seen  that  such  an  accident  as  the  gun  escaping 
from  control  in  heavy  weather  is  virtually  impossible  as  long 
as  the  spring-valve  is  attended. 

As  before  remarked,  excepting  when  the  gun  is  nearly 
run  out,  there  might  be  some  motion  of  the  carriage  along 
the  rails  in  heavy  weather,  due  to  a  want  of  resistance  on 
the  vacuum  side  of  the  piston,  this  can  be  controlled  by  the 
lowering  of  the  eccentrics,  or  more  conveniently  by  means 
of  the  clutches  of  the  running-gear,  as  will  be  shown  further 
on. 

There  is  a  small  hole  on  top  of  the  cylinder  at  its  inboard 
end  used  for  filling  the  system,  and  another  at  the  lowest 
point  in  the  head  outboard  for  emptying.  Both  of  these 
holes  are  closed  with  screw-plugs. 
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The  inboard  end  of  the  piston  rod  passes  through  the 
oblong  hole  in  the  arm  already  described  as  being  attached 
to  the  rear  end  of  the  carriage.  Two  heavy  nuts  are  screwed 
on  the  end  of  the  rod,  and  serve  to  carry  it  inboard  as  the 
carriage  recoils.  Just  outside  of  the  forward  face  of  the 
arm  the  rod  carries  a  collar,  against  which  the  arm  presses 
when  the  carriage  is  urged  out  along  the  rails,  thus  forcing 
the  rod  into  the  cylinder  again.  The  hole  in  the  arm  being 
oval,  there  is  no  straining  of  the  rod  up  or  down,  while 
working  the  eccentrics  of  the  carriage. 

To  start  the  gun  out  along  the  slide  it  is  only  necessary 
to  raise  the  spring-valve  partially,  because  the  motion  of  the 
piston  at  such  a  time  being  slow  compared  with  its  velocity 
during  recoil,  correspondingly  smaller  area  of  opening  will 
alloAV  the  fluid  to  pass  with  sufficient  ease. 

It  may  even  be  found  that  after  the  gun  has  completed  its 
recoil  it  may  be  necessary  to  press  the  valve  strongly  upon 
its  seat  in  order  to  prevent  the  fluid  from  leaking  around  its 
edges ;  such  leakage  results  in  the  gun  moving  very  slowly 
along  the  rails  in  the  direction  of  running  out.  In  heavy 
weather  the  spring-valve  lever  must  be  held  after  the  gun  is 
out,  and  until  the  order  Ready  !  or  the  gun  may  come  in  a 
little  when  the  ship  rolls  heavily. 

923.  Carriaye-y earing.  —  The  carriage  is  attached  to  the 
running-gear  by  means  of  dutches,  N,  one  on  each  side, 
attached  to  the  lugs  on  the  cheek-cleats. 

Each  clutch  engages  a  long  screw  upon  the  side  of  the 
slide,  which  is  continued  as  a  plain  shaft  to  the  rear  end. 
There  the  two  shafts  are  connected  by  a  cross-shaft,  through 
bevelled  gear,  and  are  actuated  from  the  crank,  as  will  be 
more  particularly  described  further  on. 

A  clutch  consists  of  one-half  of  a  female  screw  of  the 
same  pitch  as  that  on  the  running-shafts.  From  the  back 
of  the  clutch  projects  a  lever,  which  is  strongly  pinned  to 
the  lugs  upon  the  cheek-cleats  of  the  carriage,  the  handle  of 
this  lever  being  moved  out  and  in,  and  engages  and  dis- 
engages the  clutch  from  the  running-screw.  The  pin-hole 
in  the  lever  is  a  little  too  large  for  the  pin,  allowing  the 
lever  to  be  somewhat  canted  sidewise  if  desired.  This 
enables  the  leverman  to  engage  his  clutch  with  the  running- 
screw,  whether  the  rear  end  of  the  carriage  is  raised  upon 
its  eccentrics  or  not. 

When  it  is  wished  to  disconnect  the  clutch  permanently 
from  the  running-screw,  the  lever  is  -pushed  back  against  the 
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bracket  of  the  carriage,  where  it  engages  with  a  spring-catch, 
and  is  held  back  until  relieved  by  hand. 

In  order  to  move  the  carriage,  the  clutch-levers  are 
drawn  outward,  the  threads  of  the  half-female  screws  match 
with  those  on  the  running-shafts,  and  the  latter  being  re- 
volved, the  carriage  is  forced  along  the  rails. 

It  is  thus  seen  that  the  clutches  are  simple  in  form,  and 
readily  thrown  in  or  out  of  action,  whether  the  carriage  is 
on  its  eccentrics  or  not ;  thus  affording  a  hold  upon  the  gun 
at  all  times,  independent  of  the  hydraulic  cylinder. 

The  running-shafts  are  placed  along  the  outer  side  of 
each  rail  and  snugly  under  the  overhang  of  the  upper  flange. 
They  are  backed  up  along  the  threaded  part  by  a  bron/e 
casting,  which  prevents  them  from  buckling  away  from  the 
grip  and  pressure  of  the  clutches,  keeping  their  axes  coin- 
cident with  the  first  position  at  all  times.  The  upper  and 
lower  edges  of  the  backing,  where  it  projects  beyond  the 
running-screw,  are  planed  true,  and  the  upper  and  lower 
lips  of  the  clutch  press  against  these  edges  (when  the  run- 
ning-threads are  nearly  fully  engaged),  thus  preventing  the 
clutch  leverman  from  forcing  the  running-screw  hard  against 
its  backing.  Near  the  rear  of  the  slide  each  running-shaft 
passes  through  a  thrust-journal,  which  by  virtue  of  its  bear- 
ing against  the  thrust-collar,  takes  all  the  thrust  of  moving 
the  gun  and  carriage,  and  relieves  the  end  bearings. 

924.  Slide-gearing.  —  The  rear  face  of  the  rear  slide- 
transom  carries  certain  projections  or  arms,  cast  in  one  with 
it,  which  serve  to  support  most  of  the  gearing  through  which 
the  gun  is  manoeuvred. 

At  the  ends  of  the  transom,  near  the  rails,  are  formed 
the  journal-brackets.  Each  of  these  is  pierced  with  three 
journal-holes.  The  lower  journals  carry  the  bevel-shaft,  O, 
which  carries  the  bevel-gears,  that  actuate  the  pinions  on 
running-shafts ;  it  also  carries  a  power-wheel,  which,  when 
desired,  can  be  engaged  by  a  pinion  on  the  crank-shaft. 

The  rear  journals  carry  the  worm-shaft,  P,  on  which  is 
secured  the  worm,  actuating  the  training-gear,  and  also  a 
pinion,  which,  when  desired,  can  be  engaged  by  a  speed- 
wheel,  on  the  crank-shaft. 

The  upper  journal  carries  the  crank-shaft,  Q,  which  is 
so  arranged  as  to  slide  horizontally  a  certain  distance.  It 
carries  two  toothed  wheels,  one  of  which  actuates  the  run- 
ning, and  the  other  the  training  mechanism.  The  two  Avheels 
on  the  crank-shaft  are  so  placed  as  to  engage  one  at  a  time 
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only,  and  according  as  the  shaft  is  moved  horizontally.  The 
ends  of  the  crank-shaft  are  squared,  .and  carry  cranks  the 
arms  of  which  have  a  radius  of  one  foot.  The  amount  of 
horizontal  travel  allowed  the  crank-shaft  is  limited  by  col- 
lars, placed  so  as  to  bring  up  against  the  inner  face  of  their 
respective  journals  at  the  proper  time. 

A  third  collar  is  placed  on  the  crank-shaft  near  the 
middle  of  its  length  and  close  to  a  pawl,  which  is  hinged  to 
the  back  of  the  cover  over  the  gearing.  This  pawl  hooks 
over  the  shaft,  and  its  breadth  is  so  arranged  as  to  equal 
the  horizontal  travel  of  the  crank-shaft,  less  the  breadth  of  the 
collar.  It  will  be  seen  that  the  collar  will  then  just  travel 
from  one  edge  to  the  other  of  the  pawl,  which,  when  down 
will,  witli  the  assistance  of  the  stop-collars,  steady  the  shaft 
completely  in  each  of  its  working  positions. 

925.  Training-gear. — The  thrust  of  the  worm,  R,  which 
actuates  the  training-gear,  is  taken  up  by  stop-collars,  bear- 
ing against  the  inner  faces  of  the  journals.      The  shaft  is 
kept   down  to   its  work,  and  the  thrust-collars  are  at  the 
same  time  assisted  by  a  couple  of  grips  which  come  down 
from  the  gearing-cover  on  each  side,  and  take  hold  of  the 
shaft  close  up  to  the  worm.     There  is  of  course  a  great  tend- 
ency on  the  part  of  the  worm  to  spring  upward,  as  well  as 
to  move  sidewise,  and  these  grips,  etc.,  confine  it. 

It  will  be  observed  that  the  spur-wheel  on  the  crank-shaft 
speeds  the  worm ;  the  worm  engages  with  and  actuates  the 
worm-wheel  which  is  keyed  fast  upon  the  same  shaft  with 
the  training  speed-wheel.  The  latter  actuates  the  interme- 
diate pinion,  which  in  turn  actuates  the  training  shaft,  S, 
upon  which  is  placed  the  training-pinion,  T,  working  into  a 
semicircular  rack,  U,  cast  in  one  with  the  rear  training-circle, 
and  firmly  screwed  to  the  deck. 

The  axle  upon  which  are  fastened  the  worm-wheel  and 
the  training  speed-wheel,  is  deeply  inserted  into  a  strong 
sleeve  or  journal,  cast  in  one  with  the  rear  face  of  the  slide- 
transom.  The  rear  end  of  the  training-shaft  is  supported 
and  steadied  by  very  strong,  deeply  ribbed  braces,  projecting 
from  the  rear  face  of  the  slide-transom,  well  out  toward  the 
rails,  and  converging  to  the  journal.  Just  inside  of  the 
training-pinion,  the  shaft  is  gripped  and  strongly  held  by  a 
casting,  which  is  attached  to  the  transom  of  the  rear  trucks 
by  bolts,  and  also  by  a  stout  jog. 

926.  M.  P.  CARRIAGE,  ERICSSON    COMPRESSOR.  —  The 
carriage  has  four  trucks  on  simple  axles.     It  is  run  in  and 
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put  by  means  of  a  pinion  geared  into  a  rack  on  the  slide. 
The  pinion  is  worked  by  a  winch-handle  outside  the  bracket. 
The  compressor  (Fig.  239)  is  a  plate-compressor  secured  to 

the  front  transom.  Two  bat- 
tens, A,  are  secured  to  the 
slide  one  over  the  other. 
There  are  three  compressor- 
_  plates,  B,  C,  D, — one  between 

FIG.  239.  the  battens,  one   above,  and 

one  below.     Over  the  upper 

plate,  B,  is  a  fourth  plate,  E,  which  forms  the  journal  for  an 
eccentric,  working  between  B  and  E.  There  are  four  bolts 
with  heads  resting  on  the  journal-plate,  and  nuts  below  the 
lower  plates.  The  plates  are  free  to  travel  on  the  bolt-stems. 
The  shaft  of  the  eccentric  is  journalled  to  the  front  transom, 
and  is  worked  by  a  long  lever  outside  the  bracket. 

927.  S.  P.  CARRIAGE,  CIRCULAR  BRAKE.  —  The  cir- 
cular-brake carriage  is  mounted  on  a  slide ;  and  the  in-and- 
out  motion  is  given  by  a  pinion,  working  in  a  rack  which 
extends  about  two-thirds  of  the  length  of  the  slide  from  its 
forward  end.  The  rack  is  not  midway  between  the  two  rails, 
but  about  one-third  of  the  interval  from  the  left  rail.  The 
axle  of  this  pinion,  which  is  the  main  axle,  extends  from  side 
to  side  of  the  carriage.  On  the  right  it  bears  two  cogged 
wheels  of  different  diameter,  and  so  of  different  power;  the 
use  of  the  one  or  the  other  being  determined  by  circum- 
stances. The  wheels  are  put  in  motion  by  pinions  borne 
on  a  small  shaft  above  them,  which  shaft  has  a  lateral  motion. 
Either  pinion  can  thus  be  brought  into  play  on  its  own  wheel, 
or  both  can  be  thrown  out  of  gear,  if  wished,  on  account  of 
the  recoil.  The  shaft  is  held  in  or  out  of  gear  by  a  hinged 
catch  on  the  outside  of  the  bracket,  which  bears,  when  down, 
against  a  collar  on  the  shaft. 

As  the  downward  thrust  of  the  main  pinion  tends  to  push 
the  rack  away  from  it,  a  bronze  strap  is  bolted  to  the  under 
side  of  the  top  carriage,  and  directly  under  the  main  pinion, 
passing  around  the  rack,  and  holding  it  up  to  the  pinion.  A 
certain  amount  of  friction  also  is  thus  developed  between  the 
strap  and  the  under  side  of  the  rack,  which  goes  to  assist  in 
checking  recoil. 

On  the  main  axle  near  the  left  bracket  is  keyed  a  thick 
bronze  wheel,  the  -brake-wheel,  15.75  inches  in  diameter  for 
Xl-inch  gun  or  8-inch  rifle.  The  circumference  of-the  wheel 
is  recessed  to  receive  a  covering  of  lignum  vitse,  which  is 


GUN-CARRIAGES.  375 

secured  in  its  place  by  strong  screws  from  the  back  of  the 
wheel.  The  lignum  vitse  is  thought  a  better  substance  than 
the  bronze  for  the  brake  to  act  upon. 

Around  the  rim  thus  prepared  passes  the  brake,  which  is 
an  iron  band  in  two  pieces,  joined  by  a  bolt  and  nuts,  ac- 
curately fitted  to  bear  upon  about  four-fifths  of  the  circum- 
ference. The  part  of  the  wheel  which  is  not  touched  by 
the  brake  is  above  and  to  the  rear.  The  lower  end  of  the 
brake  terminates  in  a  straight  horizontal  arm,  which,  extend- 
ing to  the  rear,  is  rigidly  secured  to  a  transom  of  the  car- 
riage. The  upper  end  terminates  in  a  circular  ring  or  eye. 
This  ring  is  hove  up  or  down  by  a  shaft  which  turns  an 
eccentric  disk  fitted  closely  to  its  interior  surface :  this 
motion  tightens  the  brake  on  the  disk,  and  so  hinders  the 
main  axle  from  turning  freely. 

The  end  of  the  eccentric  shaft  protruding  through  the 
bracket  has  two  levers.  By  the  upper  one  the  brake  is 
tightened  by  hand ;  the  lower  one  is  intended  to  work 
automatically  as  follows  : 

From  its  lower  extremity,  on  the  inside,  projects  a  stout 
cylindrical  pin.  On  firing,  the  brake  not  being  taut,  the  gun 
at  first  recoils  freely;  but  about  six  inches  to  the  rear  of  its 
first  position  the  pin  takes  on  the  under  side  of  an  iron  bar, 
which  slopes  downwards  to  the  rear,  the  lever  being  thereby 
made  partially  to  revolve,  and  tauten  the  brake  gradually. 
The  slope  of  the  bar  may  be  changed,  within  limits,  at  will. 
It  pivots  on  its  forward  end,  the  rear  end  being  guided  in  a 
slotted  arc  where  it  can  be  secured  in  the  desired  position. 

928.  S.  P.  CARRIAGE,  DIRECTING  BAR.  —  This  carriage 
is  intended  for  use  on  the  topgallant  forecastles  of  small 
vessels.  A  directing  bar  takes  the  place  of  the  slide  in  the 
other  carriages.  The  carriage  (Fig.  240)  is  an  iron  Marsilly 
carriage,  and  it  has  a  guide-frame,  A,  for  the  directing-bar 
under  the  transoms.  The  directing-bar,  B,  is  a  long  bar  of 
iron  with  a  pivot-hole,  C,  at  each  end,  and  a  toothed  rack,  D, 
fastened  on  top,  extending  nearly  half  the  length  of  the  bar. 
There  is  a  plate,  E,  carrying  two  buffers  in  the  middle  of 
the  bar  to  prevent  too  great  recoil.  This  plate  can  be 
removed  when  it  is  desired  to  run  the  gun  to  the  other  end 
of  the  bar  for  pivoting. 

The  carriage  has  a  brake-shaft,  F,  journalled  into  both 
brackets,  which  carries  the  pinion,  H,  and  brake-wheel,  K. 
The  brake  is  worked  by  an  eccentric,  whose  shaft,  L,  comes 
through  the  bracket  where  it  is  worked  by  a  lever,  M.  The 
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gun  is  run  out  by  means  of  a  small  purchase  rove  through 
sheaves  on  the  front  transom  arid  the  end  of  the  directing- 
bar.  It  is  run  in  by  an  ordinary  train-tackle.  The  roller- 
handspike  is  used  to  run  in  and  out.  In  training,  it  is  ab- 
solutely necessary  that  the  axle  be  directly  over  the  centre 
of  the  pivot-bolt. 

929.  XV-iNCH  TURRET-CARRIAGE.    (Figures  241,*  242,* 
243f  and  244.J) 

Nomenclature. 


A.  —  Box-bracket. 

B.  —  Bed-plate. 

C.  —  In-and-out  Gear. 

D.  —  Compressor. 

E.  — Cog-wheel. 

F.  —  Guides. 

F'.  —  Friction-plate. 

G.  —  Carriage-braces. 
H.  — Trucks. 

I.  — Iron  Rails. 

K.  —  Balance-wheel. 


K'.  —  Rear  Truck. 

L.  —  Nut  for  Rear  Truck. 

I/.  —  Elevator-rest. 

M.  —  Curved  Lever. 

N.  —  Front  Transom. 

O.  —  Rear  Transom. 

O'.  — Sleeve. 

O".  — Nut. 

P.  —  Small  Cog-wheel. 

R.  —  Compressor-plates. 

S.  —  Ratchet  Lever. 


The  Slide  consists  of  two  heavy  iron  rails,  I,  extending 
from  one  circumference  of  the  turret  to  the  other,  and 
firmly  secured  to  it;  on  these  run  the  carriage-rollers,  H. 


FIG.  241. 

Between  the  two  iron  rails,  and  parallel  to  them,  are  four 
wooden  joists,  L,  called  compressor-battens,  each  six  inches 
square.  (Fig.  246.) 

The  Carriage  is  of  wrought-iron.     The  brackets,  A,  being 

Old  style.  t  New  style. 
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of  the  box  form,  while  the  bed-plate,  B,  and  front,  N,  and 
rear  O,  transoms,  are  of  single  plate-iron ;  all  parts  of  the 
carriage  being  riveted  together,  and  the  brackets,  A,  sup- 
ported by  the  two  braces,  G.  At  each  under  corner  of  the 


FIG.  242. 


bed-plate,  B,  is  placed  an  angular  metal  plate,  F,  called  a 
guide,  preventing  lateral  motion  of  the  carriage  on  the  rails. 


Fia.  243. 


The  In-and-Out  Gear  (Fig.  245)  consists  of  an  axle  ex-  • 
tending  across  the  front  end  of  the  carriage,  carrying  rollers, 
H,  placed  in  the  brackets.     Just  inside  the  outer  bracket, 
the  axle  has  on  it  a  large  cog-wheel,  E ;  a  shorter  axle,  B, 
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placed  higher  in  the  bracket,  works  the  larger  cog-wheel  by 
means  of  the  smaller  cog,  P,  on  its  inner  end.  To  the  outer 
end  is  fixed  a  crank,  C',  to  be  worked  by  hand. 

The  Trucks  are  four  in  number :    the   front   trucks,   H 
(Fig.    243),    being 
attached  to  the  axle 
of     the     in-and-out 
gear. 

The  rear  trucks, 
K',  are  fixed  on  the 
ends  of  heavy  screw- 
bolts,  which  work 
in  nuts,  L,  bolted 
to  the  rear  of  the 
bracket.  They  are 
worked  by  ratchet- 
levers,  S,  which  en- 
ables them  to  be  put 
out  of  action. 

930.  The  Compressor-year,  D.  —  To  the  bottom  of  the 
carriage  is  riveted  an  iron  plate,  P  (Fig.  246),  whose  ends 
project  downward  through  the  bed-plate,  B ;  on  these  are 


FIG.  244. 


H 


FIG.  245. 


hung  curved  levers,  M.  To  one  is  pivoted  a  sleeve,  O',  and 
to  the  other  a  nut,  O''.  A  rod,  passing  through  the  bracket 
and  the  sleeve,  has  on  its  end  a  thread,  which  Avorks  in  the 
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nut  on  the  opposite  lever;  lateral  motion  of  the  sleeve  on 
the  rod  being  prevented  by  collars.  Outside  the  bracket  the 
rod  has  attached  to  it  a  balance-wheel,  K,  and  has  a  square 
end  for  shipping  a  ratchet-lever.  An  arrow  on  the  bracket 
(Fig.  243)  shows  the  direction  in  which  the  wheel  must  be 
turned  to  check  the  recoil  of  the  carriage. 

The  Compressor-plates,  R,  five  in  number,  are  of  i-inch 
iron  (Fig.  246)  ;  their  ends  project  through  the  bed-plate 
and  are  keyed  ;  their  lower  portions  extending  downward 
between  the  wooden  battens,  L,  parallel  with  them  and  the 
iron  rails. 


FIG.  246. 


Action  of  the  Compressor-year.  —  As  the  balance-wheel, 
K,  is  revolved,  it  carries  the  rod  with  it,  causing 'the  upper 
ends  of  the  curved  levers,  M,  to  separate,  and  the  lower  ends 
to  approach ;  the  latter  press  against  the  two  outer  compres- 
sor-plates, R,  forcing  them  out  of  parallelism,  and  binding 
the  iron  plates,  R,  and  battens,  L,  firmly  together.  When 
the  gun  is  fired  its  recoil  is  absorbed  by  the  friction  of  the 
several  parts.  Reversing  the  motion  of  the  wheel  separates 
the  plates  and  battens,  leaving  the  carriage  free  to  move  on 
its  rollers. 

931.  Friction-plate. — A  plate  of  iron,  F',  is  bolted  under- 
neath each  bracket  on  which  the  carriage  rests  when  the 
trucks  are  not  in  action. 

932.  Saucer.  —  A  semicircular  plate  is  riveted  to  the  rear 
transom,  having  on  its  circumference  a  vertical  plate  con- 
nected to  a  fore-and-aft  plate,  the  two  supporting  an  iron 
saucer,  on  which  the  lower  end  of  the  elevating-screw  rests, 
the  upper  end  passing  through  the  cascabel  of  the  gun. 

933.  The  Hurters  are  flat  plates  of  iron  bolted  to  the 
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rails,  to  prevent  the  carriage  going  beyond  the  proper  point, 
out  or  in. 

934.  Elevation.  —  The  port  is  cut  from  the  circumference 
of  the  turret,  of  such  dimensions  as  to  allow  of  10°  elevation 
and  5°  depression,  and  permit  only  vertical  motion  of  the 
muzzle  of  the  gun  in  it. 

935.  The   Port-stopper,  S  (Fig.  244).  — When   the   gun 
recoils  after  firing,  the  open  port,  Z,  is  free  to  the  entrance 
of  an  enemy's  shot.     To  protect  those  in  the  turret  while 
loading  the  gun,  a  heavy  mass  of  iron,  S,  curved  to  allow 
the  gun  to  pass  going  in  and  out,  is  pivoted  at  the  top  and 
bottom  of  the  turret,  and  worked  by  a  lever  and  tackle. 
As  the  gun  recoils,  the  port-stopper  is  swung  around,  cover- 
ing the  port,  and  swinging  sufficiently  near  to  the  inner 
circumference  of  the  turret  to  prevent  shot  fired  at  an  angle 
from  entering  the  turret  between  it  and. the  port.     The  gun 
being  loaded,  the  port-stopper  is  swung  around  and  the  gun 
run  out. 

936.  Loading. — The  loading-hatches,  T  (Fig.  247),  are 
placed  abreast  the  rear  of  each  carriage  when  in,  the  com- 
munication between  the  turret  and  below  being  open  only 
when  the  guns  are  pointed   abeam.      As   the  projectiles  are 
very  heav}7  and  the  space  in  the  turret  limited,  mechanical 
appliances  are   made  use  of  to  carry  the   projectile  to  the 
muzzle  of  the  gun.     These  consist  of  a  long  iron  rod,  U, 
pivoted   above   the   loading-hatch,   the   movable    end   being 
fitted  to  slide  on  a  guide  at  the  top  of  the  turret  abreast  the 
muzzle  of  the  gun.     The  shell-tackle  is  hung  on  the  rod  by 
its  strap,  which  carries  a  roller  travelling  on  the  rod.     When 
the  gun  is  to  be  loaded,  the  shell  is  whipped  Up  to  the  requi- 
site height,  the  whip  hitched,  and  the  projectile  run  to  the 
muzzle  of  the  gun  on  the  rod.     After  each  fire,  the  turret  is 
revolved  so  as  to  bring  the  gun  abeam  and  leave  the  loading- 
hatches  open. 

937.  The  Rammer  and  Sponge.  —  The  port  being  closed 
by  the  port-stopper,  S,  an  ordinary  handle  cannot  be  used : 
hence  that  in  use  consists  of  a  number  of  sections  which 
connect  with  each  other  by  a  spring-catch.     The  rammer  or 
sponge-head,  being  fixed  to  the  first  section,  is  entered  and 
the  next  section  put  on ;  in  this  way  the  whole  is  made  up 
and  the  gun  sponged  or  the  projectile  pushed  home.     In  re- 
moving the  sponge  or  rammer,  each  section  is  taken  off  as 
its  catch  comes  to  the  muzzle. 

938.  Pointing.  —  The  guns  being  fixed  in  the  turret,  point- 
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irig  is  effected  by  revolving  it  until  the  guns  bear  upon  the 
object,  which  is  determined  by  the  person  at  the  sight-hole, 
Y.  This  consists  of  a  circular  opening  of  about  two  and  a 


FIG.  247. 


half  or  three  inches  diameter  cut  through  the  turret,  parallel 
to  the  rails  on  which  the  carriage  runs.     In  this  opening  is 
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placed  an  instrument  (Fig.  .248),  consisting  of  a  hollow 
cylinder  of  brass,  having  a  portion  of  its  circumference  at 
the  outer  end  cut  away,  and  a  vertical  piece  soldered  to  it. 
The  inner  end  of  the  cylinder  is  closed,  and  a  vertical  slit 


FIG.  248. 


cut  in  it.  The  officer  at  the  sight-hole,  looking  through  the 
slit,  brings  the  vertical  piece  on  the  object,  when  the  engi- 
neer at  the  starting-bar  ceases  to  revolve  the  turret. 

939.  Sights.  —  The  gun,  besides  being  fitted  with  the  ordi- 
nary sight,  has  a  trunnion-ledge  and  level  (Fig.  249).     This 


FIG.  249.  —  Trunnion-ledge  and  Level  for  XV-inch  Gun. 

consists  of  a  brass  plate  pivoted  to  the  centre  of  the  trun- 
nion, the  upper  portion  ending  in  a  pointer,  the  lower  having 
a  slot  and  thumb-screw  working  in  it.  A  ledge  projects  from 
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the  plate,  on  which  is  placed  a  spirit-level.  The  upper  face 
of  the  trunnion  is  graduated  for  a  certain  number  of  degrees 
of  elevation  and  depression. 

To  elevate  the  gun,  loose  the  thumb-screw  and  move  the 
pointer  to  the  number  of  degrees  desired ;  tighten  the  screw 
and  lower  the  breech  until  the  bubble  of  the  spirit-level 
marks  zero.  The  gun  then  has  the  elevation  indicated 
by  the  pointer ;  reversing  the  operation,  depression  is  ob- 
tained. 

940.  The  Turret  (Fig.  244),  when  not  in  use,  rests  upon 
the  deck,  a  raised  rim  of  metal,  T,  protecting  its  lower  edge 
from  being  jammed  by  shot.     The  turret  is  composed  of  a 
number  of  one-inch  wrought-iron  plates,  firmly  bolted  to- 
gether, making  a  total  thickness  of  from  eleven  to  thirteen 
inches. 

Above  the  turret  is  placed  an  iron  pilot-house,  from  which 
those  controlling  the  movements  of  the  vessel  may  see  by 
the  bevelled  openings  in  its  circumference.  The  pilot-house 
contains  the  steering-wheel. 

941.  For  exercise  or  action  it  is  necessary  to  raise  the 
turret  so  that  it  can  be  revolved.     A  heavy  iron  beam,  U, 
passes  directly  across  the  turret  at  the  top,  and  is  attached  to 
the  slide-rails  by  means  of  diagonal  braces,  V.     In  the  centre 
of  the  turret  the  beam  is  expanded  into  a  collar,  through 
which  the  shaft,  L,  passes,  and  the  collar  rests  on  a  shoulder 
of  the  shaft,  which  takes  the  whole  weight  when  the  turret 
is  raised.     In  the  turret-chamber  below  are  two  arms  on  the 
shaft,  against  which  two  hydraulic  rams  work  for  raising  the 
shaft  and  turret.     When  the  turret  is  up,  a  wedge  is  driven 
in  under  the  shaft  on  which  it  rests.     A  circular  rack  is  fas- 
tened under  the  slide-rails,  and  a  pinion  gears  into  it.     The 
pinion  is  turned  by  an  engine,  and  revolves  the  turret.     To 
protect  the  people  in   the  turret  from  bolt-heads,  they  are 
covered  with  a  thin  sheet-iron  casing,  and  a  canvas  mantlet 
is  sometimes  hung  around  the  inside. 

942.  MORTAR-CARRIAGE  (Fig.  250). 

Nomenclature. 

1.  —  Circle.  10.  —  Hurter. 

2. —  Bracket.  11.— Ratchet. 

3.  —  Mortar.  12.  —  Clevis-lug. 

4.  —  Face.  13.  —  Stringers. 

5.  —  Trunnion.  14.  —  Rear  Transom. 

6.  —  Carriage-steps.  15.  —  Heavy  Cross-bolt. 

7.  —  Eccentric  Socket.  16.  —  Lever  (Eccentric). 

8.  —  Carriage-roller.  17.  —  Circle-lever. 
y.  —  Circle  Eccentric.  18.  —  Guides. 
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Principal  Dimensions. 

Length  of  Carriage  ' 9  feet  4  inches. 

Width  of  Carriage,  Front 4    "    9      " 

Width  of  Carriage,  Rear 4    "    6       " 

Height  of  Trunnion 3    "    2       " 

Diameter  of  Circle 11    "    6      " 

The  Carriage.  —  In  consequence  of  the  high  angles  at 
which  mortars  are  fired,  their  carriages  differ  from  ordinary 
gun-carriages  in  that  they  rest  for  their  whole  length  on  the 
circle  or  platform. 

The  Brackets,  2,  are  each  made  of  two  pieces  of  boiler- 
iron',  separated  from  each  other  by  flat,  bars  of  iron  placed  at 
suitable  intervals,  to  stiffen  the  brackets  in  the  direction  in 
which  the  weight  and  recoil  bear  upon  them.  All  parts  are 
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FIG.  250. 

held  together  by  screw-bolts.  The  brackets  are  united  to 
each  other  by  the  steps,  6,  axle-tree,  8,  two  iron  stringers,  13, 
crossing  diagonally  under  the  piece  near  the  bottom  of  the 
brackets,  a  rear  transom,  14,  and  a  heavy  cross-bolt,  15. 

The  Transoms.  —  The  steps,  6,  serve  the  purpose  of  front 
transoms,  and  are  made  by  laying  plates  of  boiler-iron  hori- 
zontally ;  the  lower  being  nearly  twice  the  size  of  the  upper, 
and  bolted  to  the  brackets.  The  upper  is  scored  out  in  the 
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rear  to  allow  for  the  curved  form  of  the  piece.  The  rear 
transom,  14,  is  a  plate  of  iron  placed  vertically  between  the 
brackets  in  rear  of  the  piece,  and  is  fitted  with  an  elevating 
loop,  which  serves  as  a  fulcrum  for  the  elevating  lever. 

Runniny  In  and  Out.  —  The  motion  of  the  carriage  in 
running  in  or  out  is  obtained  by  a  pair  of  rollers,  8,  on  an 
eccentric  axle,  placed  underneath  arid  a  little  in  front  of  the 


FIG.  251. 


curve  of  the  trunnions.  On  the  projecting  end  of  the  axle 
a  lever,  16,  ships,  by  which  the  rollers  may  be  thrown  in  or 
out  of  action.  The  motion  of  translation  of  the  carriage  is 
given  by  handspikes  placed  in  holes  in  the  circumference  of 
the  trucks,  8  ;  the  latter  being  first  thrown  in  action  by  the 
lever  in  the  socket,  7.  The  movements  of  the  carriage1  are 
directed  by  composition  guides,  18,  screwed  to  the  circle  and 
fitting  over  flanges  at  the  bottom  of  the  brackets.  A  heavy 
piece  of  oak,  called  the  hurter,  bolted  to  the  circle,  limits  its 
outward  movement,  the  brackets  being  curved  to  fit  the  slope 
of  the  hurter. 
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943.  The  Mortar-circle  (Fig.  251).  —  The  naval  mortar  is 
generally  used  on  board  schooners  built  for  the  purpose.     It 
is  carried  amidships,  and  that  part  of  the  deck  on  which  the 
circle  rests  is  raised  about  three  inches  above  the  remainder. 
The  circle  is  a  circular  platform  made  by  two  thicknesses  of 
oak  beams;  the  upper,  called  the  deck-planks,  are  laid  at 
right  angles  to  the  direction  of  the  recoil;  the  lower  layer, 
called  sleepers,  being  laid  parallel  to  the  axis  of  the  piece. 
The  two  layers  are  bolted  to  each  other  horizontally  and  ver- 
tically,   and    strengthened    circumferentially   by   two    steel 
hoops,  19  and  20,  one  at  the  top  and  bottom.     This  disposi- 
tion of  the  planks  offers  the  greatest  resistance  to  recoil. 
On  its  upper  surface  are  bolted  composition  tracks,  22,  for 
the  carriage-rollers.     A  heavy  bolt  through  its  centre,  work- 
ing in  a  framework  beneath,  keeps  it  in  position. 

Eccentric  Rollers,  23,  are  four  in  number,  and  placed  at 
equal  distances  in  the  circumference  of  the  circle.  On  the 
ends  of  the  axles,  curved  levers,  17,  ship,  by  which  the  circle 
is  raised  on  its  rollers,  and  may  be  revolved  about  its  central 
pivot  by  tackles  hooked  to  eye-bolts  in  the  circle  and  deck. 

The  Deck  is  strengthened  underneath  the  circle  by  a 
column  of  heavy  beams  laid  across  each  other,  and  extend- 
ing from  the  kelson  up  to  the  under  side  of  the  deck. 

944.  HOWITZER  BOAT-CARRIAGE.    (Wood.)    (Fig.  252.) 

Nomenclature. 

A.  —  Bed.  G.  —  Bed-plate. 

B.  —  Slide.  H.  —  Elevating-screw. 

C.  — Compressor  Plate.  K. — Athwart-ship  Sweep. 

D.  — Compressor  Bolts.  L.  — Pivots. 

E.  —  Compressor  Handles.  M.  —  Pivot-plates. 

F.  — Lugs  for  Loop.  N.  —Fore-and-aft  Sweep-piece. 

The  Slide  consists  of  a  wooden  top  piece  resting  on  two 
side  pieces  which  are  slightly  inclined  from  the  vertical,  and 
slope  at  each  end  towards  the  end  of  the  top  piece,  where 
metal  plates  are  attached  for  the  pivot-bolts  of  the  carriage. 
In  the  top  piece,  and  extending  nearly  its  whole  length,  is  a 
slot  in  which  move  the  bolts,  D,  and  wooden  guide  of  the 
bed-plate.  The  bolts,  D,  are  square  at  their  lower  ends  and 
pass  through  the  bed-plates,  up  the  slot,  and  through  the  bed, 
A.  On  their  upper  ends  a  thread  is  cut,  and  corresponding 
nuts  with  handles,  E,  work  on  a  composition  plate  let  into 
the  wood,  flush  with  it.  On  this  the  nuts  press  when  screwed 
down,  compressing  the  slide,  B,  between  the  bed,  A,  and 
bed-plate,  G,  and  controlling  the  recoil  by  the  friction  of 
the  different  parts. 
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The  Compressor  is  composed  of  the  several  parts  C,  D,  E, 
G,  and  A ;  that  is,  it  consists  of  a  combination  of  all,  result- 
ing in  friction  between  certain  parts  and  modification  of  the 
recoil.  When  the  compressor  handles  are  set  as  taut  as  the 
strength  of  an  ordinary  man  will  allow,  it  always  suffices  to 
keep  the  recoil  within  the  limits  of  the  stop  in  the  slide.  In 
order  that  the  compressors  shall  invariably  perform  their 
function,  the  surface  of  the  parts  in  contact  must  be  plain 
but  not  smooth. 

The  Bolts,  D,  being  passed  through  the  bed-plate  loosely, 
were  the  handles  taken  off,  they  would  drop  out ;  to  prevent 
this,  small  buttons  are  placed  on  the  under  side  of  the  bed- 
plate, G. 


FIG.  252. 

The  Lugs,  F,  are  cast  of  composition  with  a  cavity  to  re- 
ceive the  loop  of  the  gun,  which  rests  in  it,  and  is  retained 
there  by  a  bolt  passing  through  the  lug  and  loop ;  the  latter 
being  secured  by  a  pin  and  washer. 

Elevation  is  obtained  by  a  screw,  H,  passing  through  the 
cascabel  of  the  gun ;  its  lower  end  has  a  knob  working  in  a 
box  fitted  to  the  bed;  a  disk  a  few  inches  above  the  knob 
serves  to  turn  the  screw. 

The  Boat-carriage  should  be  so  placed  in  the  bow  of  the 
boat  as  to  carry  the  muzzle  of  the  howitzer  just  above  and 
clear  of  the  gunwale  and  stern  of  the  boat.  Two  pieces  of 
yellow  pine,  K,  are  laid  athwart-ships  so  as  to  bear  the  car- 
riage at  that  height,  and  on  these  it  traverses  when  pivoted 
at  the  stem. 

Pivots.  —  Six  pivots  are  fitted  to  each  boat ;  stem,  each 
bow,  stern,  and  each  quarter.  The  two  iron  plates,  M,  of 
each  pivot,  being  welded  together  and  bolted  to  their  posi- 
tions, the  distances  between  the  stem  pivot-plate,  and  that  of 
either  bow  must  correspond  to  the  distances  between  the 
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pivot-holes  in  each  end  of  the  slide ;  they  are  thus  at  the 
points  of  an  equilateral  triangle,  which  enables  a  rapid  and 
certain  management  of  the  gun  in  changing  its  position. 
(Fig.  253.) 

Pivoting.  —  If  the  carriage  be  pivoted  at  the  stem,  it  may 
be  brought  to  either  bow,  by  pivoting  the  rear  end  of  the 


FIG.  253. 


slide  to  one  bow,  removing  the  stem  pivot,  and  training  the 
forward  end  to  the  opposite  bow ;  to  change  it  from  the  bow 
to  the  stem  pivot,  the  process  is  reversed.  To  sustain  the 
carriage  when  pivoted  at  the  bow  in  sweeping,  a  piece  of 
yellow  pine  scantling,  N,  is  placed  fore  and  aft  amidships 
mortised  into  the  rear  cross-pieces.  * 

The  stern  of  the  boat  is  similarly  arranged,  but  from  the 
form  of  the  boat  at  that  part  there  is  more  space,  and  the 
gun  can  always  be  worked  easier  there  than  forward. 

945.  HOWITZER  BOAT-CARRIAGE  (Iron)  (Fig.  254). 

Wrouglit-iron  Boat-carriages  are  now  being  made  and  sup- 
plied to  vessels  in  service,  the  dimensions  being  the  same  as 
those  of  the  wooden  carriage,  in  order  that  they  may  replace 
them  and  not  entail  any  change  in  the  present  fittings  of 
boats. 

Nomenclature. 


A.  — Slide. 

B.  —  Bed. 

C.  — Bed-plate. 

D.  —  Lugs  for  Loop. 


E. —  Elevator-box. 
F.  —  Compressors. 
G.— Rests  of  Slide. 


Principal  Dimensions. 

Extreme  length 68^  inches. 

Length  between  Pivots (M.I 

Length  of  Bed 37 

Length  of  Bed-plate 26.3 

Width  of  Bed 7.75 

Extreme  width  of  Slide 11.75 

Height  of  Loop-bolt 13.05 
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The  /Slide,  A,  consists  of  a  wrought-iron  plate,  riveted  to 
two  wrought-iron  Z-shaped  sides,  the  heads  of  the  rivets 
being  taken  off  to  present  a  plain  surface  to  the  bed,  B. 
The  upper  plate  of  the  slide  contains  a  slot  extending  nearly 
its  whole  length.  Between  the  ends  of  the  slot  and  slide 
are  holes  for  the  front  and  rear  pivot-bolts. 

The  Bed-plate.  —  Between  the  side  pieces,  a  composition 
bed-plate,  C,  travels  forward  and  back ;  to  this  plate  are 
attached  bolts,  having  a  thread  cut  on  their  upper  ends ; 


FIG.  254. 

these  pass  through  the  slot  in  the  slide  and  holes  in  the  bed, 
and  have  working  on  them  corresponding  nuts  with  handles 
by  which  the  necessary  compression  of  the  slide  between  the 
bed  and  bed-plate  is  produced,  thus  modifying1  the  recoil. 

The  Bed,  B,  which  rests  on  the  slide,  A,  is  a  bronze  cast- 
ing, consisting  of  a  plate  having  on  its  upper  surface  project- 
ing pieces,  D,  called  the  lugs,  which  have  a  cavity  in  them 
for  the  loop  of  the  gun  ;  the  elevator-box,  E,  and  holes  for 
the  compressor-screws. 
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Recoil.  —  As  the  slide  is  of  wrought-iron,  while  the  bed 
.and  bed-plate  are  of  bronze,  advantage  is  taken  of  the  friction 
exerted  between  the  different  metals  to  check  recoil.  This 
is  accomplished  more  effectually  by  having  the  frictional  sur- 
faces of  different  kinds  of  metal,  than  when  only  one  kind  is 
employed. 

The  Sides  curve  upward  at  each  end  to  allow  space  be- 
tween the  carriage  and  pivot-plate,  and  to  facilitate  its  move- 
ments. 

By  reference  to  the  rear  elevation  of  the  carriage  (Fig. 
254),  the  manner  of  riveting  the  top  plate  to  the  Z-shaped 
sides  will  be  readily  understood,  and  that  the  slide  rests  on 
the  lower  portions  of  its  sides,  which,  being  2.}  inches  wide, 
give  abundant  stability  to  the  carriage  in  training. 

Three  tie-bolts,  not  shown  in  the  figure,  placed  at  the 
front,  rear,  and  centre  of  the  slide,  connect  the  sides  and 
prevent  lateral  motion.  As  these  are  placed  low  down,  they 
do  not  interfere  with  the  movements  of  the  bed-plate,  C. 

These  carriages  are  considerably  lighter  than  the  wooden 
carriages ;  and  being  of  iron,  are  consequently  less  liable  to 
injury  from  exposure  in  service. 

946.  THE*  HOWITZER  FIELD-CARRIAGE  (Fig.  255). 

Nomenclature. 

B.  —  Trail.  E.  —  Trail-wheel. 

C.  —  Trail-braces.  F.  —  Socket. 

D.  —  Lugs.  G.  —  Elevator. 

H.  —  Elevator-box.  K.  —  Ammunition-boxes. 

The  Carriage  is  of  wrought-iron,  its  weight  being  reduced 
to  the  least  limit,  about  500  Ibs. ;  the  axle  has  cast  at  its 
centre  lugs  to  receive  the  loop  of  the  gun. 

The  Trail,  B,  is  curved,  being  bolted  to  the  axle,  and  sup- 
ported on  either  side  by  the  rod-braces,  C,  which  bolt  to  the 
trail  and  axle.  At  its  rear  end  the  trail  expands,  and  is 
slotted  for  the  trail-wheel,  E.  This  is  hung  on  a  hollow 
axle,  to  which  is  attached  on  each  side  a  guide  that  is  hinged 
at  the  forward  part  of  the  seat;  this  allows  the  trail- wheel 
to  be  thrown  back  on  the  trail  and  put  out  of  action.  A 
pin  chained  to  the  trail  passes  through  it  and  the  hollow 
axle.  With  the  wheel  in  the  slot  and  confined  by  the  pin, 
the  trail  of  the  carriage  rests  on  it,  as  in  Fig.  255.  Beyond 
the  slot  is  a  socket  for  the  trail-handspike.  The  elevator- 
box  is  like  that  in  the  boat-carriage. 

The  Field-carriage  ashore. — As  it  is  designed  to  operate 
independently  of  a  limber,  light  composition  frames,  having 
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pins  projecting  upward,  are  attached  to  the  trail  and  axle  on 
each  side,  on  which  the  ammunition-boxes  rest.  Their  bot- 
toms are  fitted  with  metal  sockets  for  the  projecting  pins  of 
the  frames.  The  carriage  is  drawn  by  means  of  a  drag-rope 
hooked  to  a  becket  near  the  sockets;  this  rope  has  inserted 
at  suitable  intervals  wooden  handles  for  the  crew  to  hold. 
At  the  hook  are  two  shorter  ropes,  called  guide-ropes,  by 
which  the  direction  of  the  trail  is  governed  when  on  the 
march.  To  the  axle  is  hooked  a  short  drag-rope,  which  is 
used  as  a  check,  or  holding-back  rope,  in  steep  descents. 


FIG.  255. 

When  in  action,  the  trail-pin  is  removed,  and  the  trail- 
wheel  thrown  back  on  the  trail,  allowing  the  trail  to  rest 
upon  the  ground,  which  serves  to  check  the  recoil. 

The  Field-carriage  in  the  Boat  is  placed  aft  with  its  trail 
over  the  quarter  (Fig.  256),  so  as  not  to  impede  the  move- 
ments of  the  coxswain.  For  convenience  in  running  it  for- 
ward or  aft,  as  when  shifting  the  gun  from  the  boat  to  the 
field-carriage,  or  the  reverse,  three  wooden  tracks  or  skids 
are  laid  fore  and  aft  on  the  thwarts,  and  bolted ;  the  centre 
being  for  the  trail,  the  other  two  for  the  carriage-wheels. 

Implements.  —  With  the  field  and  boat  carriage  are  sup- 
plied rammer,  sponge,  ladle,  worm,  and  handspike  ;  two  of 
those  mentioned  being  on  the  same  handle,  one  at  each 
end.  The  latter  answering  a  double  purpose,  first  as  a  trail- 
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handspike,  and  second  as  a  shifting-spar;  having  fitted  to  its 
centre  a  metal  hook  used  in  the  grommet  around  the  neck  of 
the  cascabel  in  shifting,  mounting,  and  dismounting  the 
howitzer. 


FIG.  25G. 


947.  FIELD-CARRIAGE  FOR  3-racH  STEEL  BOAT-GUN. — 
The  field-carriage  consists  of  a  wrought-iron  tubular  axle, 
attached  to  a  trail  composed  of  two  cheeks  of  quarter-inch 
sheet  steel,  placed  vertically,  and  connected  together  by 
transoms.  (Fig.  257.) 

The  axle  of  the  carriage  has  an  external  diameter  of 
three  inches,  the  metal  (wrought  iron)  being  half  an  inch 
thick.  The  arms  are  solid,  and  are  welded  securely  into  the 
ends  of  the  tube. 

The  axle  is  supported  on  wheels  three  feet  in  diameter. 
The  felloes  and  spokes  are  made  of  oak,  and  the  latter  are 
inserted  into  a  bronze  hub.  The  wheels  are  kept  in  place 
by  spring  linchpins  outside  of  bronze  washers. 

The  different  parts  composing  the  trail  are  riveted  to- 
gether, the  cheeks  being  deep  enough  at  the  forward  end 
to  raise  the  axis  of  the  gun  twelve  inches  above  the  centre 
of  the  axle.  There  is  a  breast-transom  joining  the  cheeks 
toward  their  forward  ends.  It  extends  diagonally  from  just 
under  the  trunnion-seats  to  the  lower  edges  of  the  cheeks. 
The  after  transom  is  placed  just  in  rear  of  the  elevating- 
screw,  and  stands  vertically  between  the  cheeks.  The  tran- 
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soms  are  of  quarter-inch  steel,  and  are  flanged  along  each 
end  to  receive  the  rivets  that  join  them  to  the  cheeks.  Mid- 
way between  the  after  transom  and  the  shoe,  is  placed  a  tie 
or  stay-bolt,  for  the  purpose  of  steadying  the  cheeks. 

At  the  point  where  the  trail  takes  the  ground  when  the 
trail-wheel  is  unshipped,  the  cheeks  are  joined  by  a  bronze 
shoe  which  is  flattened  and  curved  on  the  bottom,  in  order 
to  form  a  convenient  surface  for  sliding  over  the  ground, 
when  recoil  takes  place.  The  side  flanges  of  this  shoe  are 
joined  by  a  diagram. 

To  the  rear  of  the  shoe,  the  trail  pieces  are  curved  up- 
ward in  the  usual  manner  to  receive  the  trail-wheel.  This 
wheel  is  of  bronze,  twelve  inches  in  diameter.  It  is  hung 
upon  a  wheel  strap,  which  plays  around  a  pin  permanently 
inserted  through  the  cheeks,  just  in  rear  of  the  shoe.  The 
trail-wheel,  when  shipped  for  moving  the  carriage,  runs  upon 
its  own  pin,  which  is  inserted  through  the  cheeks  of  the  trail 
and  through  the  hub  of  the  wheel,  raising  the  shoe  about  an 
inch  from  the  ground.  When  the  wheel  is  to  be  unshipped 
preparatory  to  firing,  the  pin  is  withdrawn,  and  the  wheel 
being  slightly  raised,  the  pin  is  again  inserted  through  the 
cheeks  and  through  a  hole  placed  far  enough  from  the  centre 
of  the  hub  to  raise  the  wheel  sufficiently  to  enable  it  to  go 
clear  when  the  shoe  of  the  trail  is  in  contact  with  the 
ground. 

Immediately  in  rear  of  the  trail-wheel  the  cheeks  termi- 
nate, being  brought  together  by  means  of  a  small  wrought- 
iron  chock  welded  between  them.  This  chock  has  an  eye 
upon  its  rear  end. 

The  trail,  as  just  described,  is  fitted  to  the  tubular  axle 
by  bearings,  one  let  into  the  under  edge  of  each  cheek  near 
its  forward  end,  and  riveted.  The  axle  is  secured  in  place 
by  clamps  passing  under  it  and  bolted  to  the  axle-bearings 
at  each  end.  The  axle  is  prevented  from  turning  in  these 
bearings  by  permanent  keys,  which  are  inserted  into  the 
axle,  and  fit  into  seats  cut  in  the  clamps. 

The  trunnions  of  the  gun  are  supported  in  bronze  trun- 
nion-bearings let  into  each  cheek  at  the  upper  forward  edge, 
and  riveted  in  place.  Cap-squares  are  fitted  to  these  bear- 
ings, secured  with  a  hinge  at  the  rear  end,  and  an  eye  and 
forelock  at  the  forward  end.  A  bronze  pintle-hook  is 
secured  to  the  axle  between  the  cheek-bearings,  to  be  used 
for  hooking  the  trail  of  a  second  carriage  (if  desired)  when 
on  the  march. 
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The  exterior  of  the  tubular  axle  has  a  thread  cut  on  it  at 
each  shoulder  for  the  wheel-brake  to  work  upon :  this  consists 
of  a  hollow  bronze  cylinder  or  ring,  with  a  short  lever  cast 
radially  on  its  exterior.  Half  of  the  interior  surface  of  the 
ring  has  a  thread  cut  on  it  similar  to  that  at  the  shoulder  of 
the  axle.  The  outer  half  is  plain,  and  coned  to  fit  the  sur- 
face of  the  wheel-hub  inside  of  the  spokes.  When  this  brake 
is  in  place  on  the  threaded  part  of  the  axle,  by  turning  the 
handle  in  one  direction,  the  coned  part  can  be  made  to 
approach  and  bind  closely  on  the  similar  part  of  the  hub  in- 
side of  the  spokes,  and  by  reversing  it  can  be  drawn  back 
clear  of  the  hub.  When  set  up  by  hand  the  brakes  confine 
the  recoil  to  about  six  feet.  After  being  once  adjusted  they 
are  automatic  in  their  action ;  tightening  on  recoil,  and 
slacking  when  the  carriage  is  run  up  to  the  firing  position. 

The  rests  for  ammunition-boxes  are  of  bronze,  and  are 
attached  to  the  axle  by  cap-squares,  at  a  point  midway  be- 
tween the  breaks  and  the  cheek-bearings.  Each  rest  consists 
of  a  longitudinal  strip  of  bronze,  having  a  cross-piece  at  its 
forward  end,  and  one  also  near  its  after  end.  The  forward 
cross-piece  has  a  lug  at  each  extremity,  forming  a  hook  into 
which  the  box  trunnions  can  slide  from  the  rear.  The  rear 
cross-piece  turns  up  at  each  end,  forming  lugs  or  stops  to 
prevent  the  box  from  working  off  the  frame  laterally. 

948.  FIELD-CARRIAGE  FOR  THE  LONG  GATLING.  —  The 
field-carriage  for  the  long  Gatling  gun  is  of  the  same  general 
style  as  that  furnished  with  the  light  12-pounder  howitzer, 
but  of  less  weight.  The  wheels  are  of  wood,  the  axle,  trail, 
and  its  general  fittings  of  wrought-iron.  (Figs.  258,  259, 
260.) 

The  Wheels,  having  mortised  hubs  of  wood,  seven  felloes, 
and  fourteen  spokes,  are  but  slightly  dished.  They  are  fitted 
with  gun-metal  nave-boxes  to  take  a  2-inch  taper  axle.  The 
tire  is  2-inch  by  J-inch  iron,  and  is  secured  to  the  felloes  by 
means  of  seven  counter-sunk  screw-bolts.  The  linchpins  of 
iron  are  fitted  with  a  clip,  which  hooks  under  the  axle  when 
the  pin  is  in  place,  and  prevents  the  latter  from  jarring  out. 
The  tread  of  the  wheels,  outside  to  outside,  is  3  ft.  31  inches, 

The  Axle  of  1^  inch  wrought-iron,  4  inches  average  depth, 
has  taper  axle  ends.  Perforated  lugs  project  downwards 
just  inside  the  hubs,  through  which  the  trail-braces  are 
passed.  The  axle  carries  a  small  eye-bolt  on  each  side  of 
the  gun  turn-table,  through  which  the  rods  of  the  wiper  and 
shell-driver  are  passed  when  in  place ;  and  it  is  also  bored 
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for  the  two  through  bolts 
which  secure  the  turn-table 
plate  and  the  T  of  the  trail 
to  the  axle. 

The  Trail  is  a  forged 
wrought-iron  beam,  about  | 
inch  thick  and  of  an  average 
depth  of  about  3|  inches,  hav- 
ing the  usual  curvature.  It 
terminates  at  the  axle  end  in 
a  T  forging,  which  secures  it 
by  means  of  through  bolts  to 
the  axle  and  lower  turn-table 
plate.  At  the  other  end  it  has 
the  trail- wheel  slot  and  a  lu- 
nette. From  above  the  brace- 
bolt  to  the  opening  for  the 
trail-wheel,  the  trail  is  strength- 
ened laterally  by  a  T  swedged 
on  the  under  side.  It  is  also 
fitted  with  a  trail-handspike 
socket-bolt,  trail-wheel  bolt, 
trail-seat  with  backstop 
through  bolt  for  outer  end  of 
trail-braces,  clip-hooks  for  shell- 
driver  and  wiper,  toggle-pin  for 
handspike  (Avhen  secured), 
and  a  screw-socket  for  the 
elevating-screw. 

The  Trail-braces  are  f-inch 
round-iron  bars  passing  from 
the  axle-lugs,  where  they  are 
secured  by  a  nut  and  forelock 
to  a  point  in  the  trail  abaft  the 
elevating-screw  socket.  Here 
they  are  united  by  a  stud, 
continuing  beyond  which  they 
are  forged  square,  and  separate 
to  embrace  the  stock  of  the 
trail,  to  which  they  are  firmly 
attached  by  a  screw-bolt. 

The  Trail-wheel,  like  that 
of  the  howitzer,  is  of  bronze, 
but  is  so  fitted,  that,  when 
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the  through  axle-bolt  is  withdrawn,  it  is  entirely  discon- 
nected from  the  trail.  The  bolt  is  fitted  with  a  socket  for 
the  trail-handspike. 

The  Trail-handspike  is  a  tube  of  wrought-iron,  closed  at 
the  ends,  and  bent  to  correspond  very  nearly  to  the  curva- 
ture of  the  trail  when  secured.  The  socket-bolt  through 
which  it  passes  is  free 
to  swivel.  A  forelock 
prevents  the  handspike 
from  being  drawn 
through  this  eye-bolt. 

The  Box-rest  Clamps 
are  bronze  castings 
which  span  the  axle  each 
side,  just  within  the  trail- 
brace  lugs.  A  through 
bolt,  fitted  with  a  nut  at 
the  front  end,  and  at  the 
other  with  an  eye,  se- 
cures them  to  the  axle. 
The  eyes  can  be  used  for 
lashing  the  spare  article- 
box,  and  for  hooking 
additional  drag-ropes 
(when  the}r  are  neces- 
sary), if  the  carriage  is 
used  as  a  limber.  The 
upper  ends  of  the  clamps 
are  cut  through  at  right 
angles  to  the  axle,  and 
the  shoulders  of  the  slots 
are  bored  for  through 
screw-bolts,  which  hold 
the  box-rest  down. 

The  Box-rest  is  a  rec- 
tangular single  casting 

framework    of     bronze,  FIG.  259. 

having     two     complete 

and  two  broken  fore-and-aft  bearing-pieces  for  the  ammu- 
nition-boxes to  rest  on.  It  has  the  necessary  lugs  and  split 
forelocks,  attached  with  chains,  for  securing  three  boxes  ;  the 
after  lug  for  the  middle  box  (only  used  when  the  carriage 
is  converted  into  a  limber),  being  a  tongue,  which  falls  into 
a  recess  in  the  frame  in  a  way  not  to  interfere  with  elevating 
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the  gun.  Two  arms  pro- 
jecting downward  from 
the  rear  and  middle  of 
the  frame  embrace  the 
trail.  A  through  bolt 
passing  through  these 
arms  and  below  the  trail 
prevents  the  frame  from 
capsizing  on  the  axle, 
while  a  second  bolt  above 
the  trail,  which  iuay  press 
through  either  of  two 
sets  of  holes  provided  for 
the  purpose,  limits  the 
amount  of  inclination  of 
the  frame  backward. 

949.  THE  MOUNTING 
FOR  THE  LONG  G  ATLING. 
—  The  mounting  con- 
sists of  three  principal 
parts  :  viz.,  an  upper 
turn-table  plate,  a  lower 
turn-table  plate,  and 
trunnions. 

The  Lwver  Turn-table 
Plate  consists  of  a  single 
bronze  casting,  compris- 
ing, (1)  A  circular  plate 
resting  horizontally  on 
the  axle,  and  perforated 
through  its  centre  to 
allow  an  iron  pivot-bolt 
to  project  upwards  and 
through  it  ;  (2)  A  rec- 
tangular plate  extending 
downward  from  this,  and 
resting  against  the  front 
of  the  axle;  and  (3)  The 
pintle-hook  for  carrying 
the  trail  of  the  rear  gun- 
carriage  when  used  as 
a  limber.  Two  through 
screw-bolts  secure  this 
plate  and  the  T  of  the 
trail-stock  to  the  axle. 


GUN-CARRIAGES.  401 

The  Upper  Turn-table  Plate  is  a  simple  trunnion-saddle, 
through  which  the  pivot-bolt  comes  up  from  below,  and  keys 
with  a  split  forelock. 

The  Trunnions  are  cast  in  one,  with  rests  which  project 
upward  and  support  the  frame  of  the  gun.  These  rests  are 
attached  to  the  frame  by  heavy  screw-bolts.  Cap-squares 
secure  the  trunnions  in  their  bearings  in  the  saddle. 

950.  To  USE  THE  FIELD-CARRIAGE  AS  A  LIMBER.  —  Re- 
move the  forelock  from  the  pivot-bolt,  run  the  elevating- 
screw  up  and  out  of  its  socket,  and  remove  it  from  the 
traversing  fixture.  Unscrew  the  stop-pin  from  the  traverse- 
locking  thumb-screw,  and  run  out  the  thumb-screw.  Lift  the 
gun  from  the  carriage,  slide  off  the  traversing  fixture,  and 
rest  the  gun  on  deck.  Place  the  three  caisson-boxes  so  that 
the  outer  ones  open  outward,  the  middle  one  to  the  right. 
Secure  the  box-rest  close  down  on  the  trail,  which  brings 
both  bolts  below.  Unship  the  trail-wheel,  and  rig  the  tongue 
guide.  To  do  this,  press  the  prop  down  and  through  the 
trail-wheel  slot,  catch  the  spur  on  the  guide-bar  under  the 
after  part  of  the  lunette,  then  raise  the  point  of  the  prop 
until  the  hole  stands  fair  for  shipping  the  trail-wheel  bolt. 
Pass  this  bolt  through,  and  set  up  the  nut.  Hook  the  drag- 
rope  to  the  eye  in  the  tongue-guide.  Before  moving  the , 
limber,  swing  the  prop  forward,  and  secure  it  with  the 
shackle-becket  fitted  for  that  purpose. 

951.  FIELD-CARRIAGE  FOR  THE  SHORT  GATLING.  — 
The  carriage  consists  mainly  of  the  axles,  the  trail,  and  the 
wheels  (Fig.  261). 

The  axle  is  simply  a  steel  tube  with  solid  arms.  The 
trail  is  made  of  plate-steel,  and  is  U-shaped  in  section  for 
about  half  its  length,  the  other  half  being  forked  so  as  to 
form  two  portions,  which  are  L-shaped  in  section.  The  lat- 
ter have  their  extremities  riveted  to  a  malleable  iron  casting, 
which  consists  of  the  boss-socket,  and  two  arms  through 
which  the  axle  passes. 

A  pintle-hook  is  bolted  to  the  casting,  between  its  arms, 
and  has  an  eye  through  which  the  axle  passes,  thus  complet- 
ing the  connection  of  the  trail  to  the  axle.  A  small  steel 
pin  prevents  the  axle  from  turning  in  the  eye  of  the  pintle- 
hook,  or  having  any  motion  independent  of  the  trail.  A 
key-pin  for  the  pintle-hook  is  secured  by  a  chain  to  the  sock- 
et-casting. The  lower  extremity  of  the  trail  is  fitted  with  a 
lunette,  an  eye  for  the  trail  guide-bolt  (which  is  a  short  steel 
tube  with  brass  ends),  and  a  shoe  with  spurs.  All  of  the 
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above  are  firmly  riveted  to 
the  trail  and  to  each  other. 
A  pin  and  key  for  the  guide- 
bolt  are  attached  with  small 
chains  to  an  eye-bolt  just  over 
the  shoe.  A  few  inches  above 
the  latter  there  are  holes  for 
the  pin  of  the  guide-bolt  when 
it  is  used  as  a  support  for  the 
trail,  or  is  secured  under  and 
inside  of  it. 

An  iron-hinged  seat  is  at- 
tached to  the  trail,  and  on  its 
backstop  is  an  iron  becket  for 
the  guide-bolt.  When  not  in 
use,  the  seat  can  be  folded 
forward  on  the  trail,  and  se- 
cured in  that  position  by  a 
button  pivoted  on  a  bronze 
plate,  which  is  riveted  to  the 
legs  of  the  fork  just  above  the 
neck.  This  plate  strengthens 
the  fork  and  prevents  any 
lateral  movement  in  the  stock 
of  the  gun-mounting.  On 
each  leg  of  the  fork  are  riv- 
eted loops,  which  support  the 
ammunition-box  frame,  and  to 
each  of  the  loops  are  attached 
small  chains,  one  of  which  is 
fastened  to  the  ammunition- 
box  frame  and  the  other  to 
the  pin  which  secures  that 
frame  to  the  loop. 

The  ammunition-box  frame 
is  made  of  bronze,  in  several 
parts,  which  are  fastened  to- 
gether with  steel  screws.  Four 
bronze  lugs,  with  eyes  through 
which  the  carriage-axle  passes, 
support  the  frame,  two  bronze 
washers  being  placed  between 
the  inner  lugs  and  the  outer 
faces  of  the  eyes  of  the  socket- 
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casting.  The  frame  can  be  rotated  on  the  axle  from  the 
position  which  it  has  when  secured  to  the  loops,  to  a  nearly 
vertical  position,  where  it  is  held  by  chains  already  spoken 
of  as  attached  to  the  loops. 

This  frame  is  also  intended  to  hold  a  steel  bullet-proof 
plate,  to  serve  as  a  shield,  and  protect  the  feeder  and  crank- 
men  from  musketry-fire. 

The  wheels  are  strongly  built  of  wood,  with  iron  nave- 
bands  or  plates,  and  iron  nave-boxes. 

There  are  two  steam-bent  felloes  and  eighteen  spokes  in 
each  of  the  wheels,  which  are  slightly  dished,  and  have  tires 
two  inches  in  width.  The  washers  for  the  linchpins  are 
made  of  cast-iron,  and  have  flanges  and  stops  which  prevent 
the  slots  in  the  washers  from  coming  in  line  with  the  pins 
when  the  wheels  are  in  motion.  The  track  of  the  wheels  is 
3  ft.  6  inches,  and  their  diameter  is  3  ft.  8£  inches. 

952.  THE  MOUNTING  FOR  THE  SHOUT  GATLTNG  is  made 
almost  entirely  of  bronze,  and  is  designed  for  use  either  with 
the  field-carriage  or  with  the  pivot-sockets,  which  are  placed 
in  the  bows  of  boats,  or  on  the  rails  and  in  the  tops  of  larger 
vessels. 

A  bronze  saddle  supports  the  trunnions  of  the  gun,  and 
is  free  to  turn  on  the  pivot-plate  of  the  stock  to  which  it  is 
connected  by  the  upper  portion  of  the  pivot-bolt  and  a 
washer,  nut,  and  key.  A  slot  is  cut  in  the  face  of  the  pivot- 
plate,  to  receive  a  stop  on  the  crown  of  the  saddle,  which 
prevents  the  gun  from  turning  through  a  greater  horizontal 
arc  than  is  required  by  the  traversing-gear. 

The  stock  is  of  bronze  also,  and  at  its  forward  part  it  has 
a  flanged  or  cup-shaped  pivot-plate,  through  which  a  steel 
pivot-bolt  is  passed  and  rigidly  secured.  A  locking-screw 
passes  through  the  flange  of  the  pivot-plate,  and  a  quarter 
of  a  turn  of  its  handle  is  sufficient  to  jam  it  tightly  against 
the  boss-socket. 

At  the  rear  end  of  the  stock  are  cast  a  box  for  a  pinion- 
wheel,  a  vertical  cylinder  for  the  elevating-bolt,  and  a  small 
handle  for  training  the  gun. 

The  elevating-bolt  is  a  hollow  iron  cylinder  with  a- 
toothed  rack  cut  in  its  forward  side  to  .receive  the  teeth  of 
a  pinion-wheel,  and  a  long  slot  is  cut  in  its  left  side  to  receive 
the  set  screw. 

The  elevating-screw  has  a  fine  pitch,  and  screws  into  the 
axis  of  the  elevating-bolt. 

The  traversing  fixture  rests  on  the  elevating-screw,  the' 
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spherical  head  of  which  enters  a  semi-cylindrical  box  in  its 
under  side.  It  is  connected  to  the  breech  of  the  gun  by  a 
dovetail  guide,  and  has  an  arm  projecting  toward  the  left, 
containing  an  iron  traveller-screw.  This  screw  has  a  hand- 
wheel,  and  gives  a  motion  of  translation  to  a  small  bronze 
block,  which  carries  the  traversing-pin.  The  latter  is  of 
iron,  and  has  a  friction-collar  on  its  upper  extremity.  It 
can  be  moved  in  a  vertical  direction  which  allows  it  to  be 
placed  in  either  groove  on  the  crank-shaft,  where  it  is  re- 
tained by  a  spring-catch. 

Directions  for  Mounting.  —  Have  the  mounting  with  ele- 
vating apparatus  ready  to  receive  the  gun.  Slack  the  boss 
socket  clamp-screw  and  lift  the  gun,  placing  the  trunnions 
in  their  bearings. 

To  place  the  Traversing  Fixture. —  Lift  the  cascabel  of 
the  gun,  and  attach  the  fixture  to  the  gun  by  sliding  it  into 
its  place  under  the  breech-case.  To  attach  it  to  the  car- 
riage, raise  the  gun  from  the  trunnion-bearings,  and  pass  it 
forward  so  that  the  elevating-screw  clears  the  fixture ;  then 
move  it  slowly  backwards,  carefully  guiding  it,  so  that  the 
tube  of  the  traversing  fixture  encloses  the  head  of  the  elevat- 
ing-screw. Then  drop  the  trunnions  into  their  bearings, 
and  put  on  and  secure  the  cap-squares.  The  boss-socket 
clamp  should  always  be  set  up  when  the  gun  is  transported 
on  its  carriage. 


Section  II.  —  English  Naval  Crun-carriages. 
953.  THE  BROADSIDE  SCOTT  CARRIAGE. 


Nomenclature. 


A.  —  Bracket. 

B.  —  Bow-compressor. 

C.  —  Elevating-gear. 

c. —  Releasing  Lever  of  Elevating- 
gear. 

D.  —  Chain-nipper    of    In-and-Out 

Gear. 

E. —  Carriage-wedges  of  Bow-com- 
pressor. 

5.  —  Eccentric,  Lever  and  Gear. 

F,F.  — Coned  and  Grooved  Rollers. 

G.  — Metal  Hook  for  Lip  of  Front 
Track. 

H,H,H'.  —  Raised  Metal  Tracks. 

K.  —  Cogged  Training-track. 


L.  —  Preventer  Pivot-bar. 
M.  —  Slide-wedges    of     Bow-com- 
pressor. 

N.  —  In-and-Out  Gear. 
O.  —  Endless  Chain. 
P,P.— Winches  of  Training-gear 
R.  —  Shaft  of  Training-gear 
S.  —  Training-wheel. 
S'.  — Cog-track. 
T.  —  Shaft-support. 
W.  —  Training-brake. 
X.— Hydraulic  Jack. 
Y. — Compressor  Pawl. 
Z.  — Buffer-blocks. 


The  Carriage  is  of  the  box-girder  description,  of  mixed 
wrought  and  cast  iron  (wrought  outside,  and  cast  inside), 
-and,  unlike  the  old  pattern,  is  long  and  low,  thus  remedying 
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the  rearing-back  tendency  of  short  and  high  carriages,  and 
the  consequent  downward  strain  on  the  deck  and  slide,  and 
giving  a  much  greater  surface  to  absorb  the  concussion  or 
shock  of  recoil.  As  the  carriage  is  made  so  much  lower,  the 
slide  is  correspondingly  raised,  thus  maintaining  the  same 
height  of  the  axis  of  the  trunnion  above  the  deck,  and  allow- 
ing room  for  the  cogged  gear  beneath  the  slide. 


FIG.  202. 

The  Slide  is  of  girder  wrought-iron,  filled  in  on  each  side 
with  teak  (Fig.  262),  with  no  head-plate,  thus  allowing  the 
gun  to  be  run  farther  out  and  facilitating  pointing.  The 
upper  surface  of  the  slide  is  an  inclined  plane,  having  an 
angle  of  from  3°  to  5°  for  ordinary  broadside  guns,  which 
serves  to  check  the  recoil,  and  facilitates  the  running  out  of 
the  gun. 


LJ>' 


The  Deck  (Fig.  263)  beneath  the  slide  has  bolted  to  it 
four  metal  tracks,  or  racers,  H,  H,  H',  and  K ;  the  first  two,  H, 
are  usually  solid,  and  have  cast  on.  their  upper  surface  a  rib 
to  take  the  groove  of  the  slide-rollers,  F.  These  tracks  are 
raised  at  their  extremities,  to  allow  for  the  deck  curvature, 
and  thus  prevent  alteration  of  the  sights  in  extreme  training. 
The  track,  K,  is  cogged  for  the  cog-training  wheel,  and  may 
be  of  brass  or  iron,  usually  the  former.  The  track,  H',  is  of 
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metal,  having  cast  on  its  forward  side  a  strong  projecting 
lip,  under  which  the  metal  hook,  G,  attached  to  the  slide, 
takes. 

The  Pivot  (Fig.  264)  is  independent  of  the  ship's  side 
and  any  accident  that  might  occur  to  it,  as  the  recoil  is  re- 
ceived from  the  coned  and  grooved  rollers,  F,  of  the  slide, 


FIG.  264. 

and  the  metal  hook,  G,  by  the  three  metal  tracks,  H.  Were 
the  shock  received  by  a  pivot  at  the  side,  a  heavy  shot  im- 
pinging there  might  and  probably  would  prevent  the  further 
service  of  the  gun. 

The  Dimensions  of  a  12-inch  25-ton  broadside  gun-carriage 
are  as  follows :  Length  of  slide,  15  ft.  6  in. ;  width,  6  ft. ; 
length  of  carriage,  8  ft.  9  in. ;  height  of  trunnion  above  the 
deck,  5  ft.  li  in.,  the  relative  length  of  slide  and  carriage 
permitting  a  recoil  of  6  feet. 

For  other  guns  the  dimensions  are  similarly  proportioned. 


FIG.  265.  —  Section  at  Compressor. 


FIG.  266.  —  Rear  view  of 
Carriage. 


TJie  Self-acting  Bow-compressor,  B,  consists  of  strong 
metal  bows  hung  by  their  centres  through  a  hole  in  each 
side  bracket  (Fig.  265).  From  the  carriage  short  wedge- 
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shaped  plates,  E,  are  suspended  between  hard  wooden  balks, 
and  wedge-shaped  iron  plates  fixed  to  the  girders  of  the 
slide,  M.  A  wheel  with  screw  attached  works  through  the 
outer  end  of  the  metal  bow,  setting  the  plates  firmly  to- 
gether (Fig.  265).  The  circumference  of  the  wheel  is 
notched  to  receive  a  pawl,  Y,  attached  to  the  bow  at  the 


jr 


FIG.  267.  —  Rear  view  of  Slide. 


FIG.  268.  — Front  view  of  Slide. 


height  of  the  wheel.  The  weight  of  the  gun,  when  let 
down  from  its  eccentric  rollers,  drives  the  upper  wedge,  E, 
tight  between  the  lower  ones,  M,  and  the  downward  concus- 
sion of  firing  tends  to  drive  them  still  more  together,  while 
the  action  of  lifting  the  gun-carriage  on  its  eccentric  rollers, 
to  run  it  out,  releases  the  wedges  because  of  their  shape. 

The  Elevating-gear,  C  (Fig.  264),  consists  of  a  cogged 
arc  attached  to  the  side  of  the  breech  of  the  gun,  acted  on 
by  a  cog-wheel  inside,  and  drum  outside  the  bracket,  and 
fixed  to  the  same  pinion.  Through  it,  sockets  are  pierced  in 
the  periphery  of  the  drum,  into  which  pointed  handspikes 
are  placed  in  elevating  or  depressing 
the  gun  —  a  clamp  outside  the  drum 
nipping  it  at  the  desired  elevation  ;  a 
holding-pin  attached  to  the  bracket 
assists  the  clamp. 

The  Eccentric-gear,  b  (Fig.  264), 
consists  of  a  shaft  across  the  rear  end 
of  the  carriage,  carrying  the  eccentric 
rollers,  placed  in  the  under  and  rear 
side  of  the  brackets.  A  cog-wheel  on 
the  inside,  worked  by  levers  on  the 
outside,  acts  on  a  V-shaped  cog  when 
on  the  eccentric  axle,  throwing  the  ec- 
centric rollers  in  and  out  of  action.  A  pawl,  or  releasing 
lever  (Fig.  264),  is  provided  for  holding  the  eccentric  in 
action.  The  latest  carriages  have  their  eccentric  rollers 
worked  by  an  hydraulic  jack,  X,  on  one  side,  and  cog-wheels 
and  drum  on  the  other  (Fig.  269) ;  with  the  jack  the  heaviest 
gun  may  be  easily  lifted  by  one  man. 
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The  In-and-Out  Gear  (N,  Fig.  263).  —  The  carriage, 
being  lifted  out  on  its  rear  eccentrics  as  before  described,  is 
run  in  and  out  by  means  of  spur-wheels  and  pinions  fixed  to 
the  rear  end  of  the  slide  on  each  side,  worked  by  winch-han- 
dles, which  drive  a  shaft  across  the  rear  end  of  the  slide. 
Two  endless  chains,  O,  run  around  spocket-wheels  fitted  to  this 
shaft,  and  the  forward  end  of  the  slide  (the  forward  one 
having  an  elastic  shackle  by  which  the  chain  is  kept  taut  at 
all  times),  the  upper  part  of  the  chain  passing  through  holes 
in  the  carriage.  When  not  in  use,  the  chains  are  not  attached 
to  the  carriage ;  but  when  required,  the  upper  part  of  each 
chain,  O,  is  caught  by  an  arrangement  called  the  chain-nipper, 
D  (Fig.  270).  This  consists  of  an  eccentric  in  the  bottom 


FIG.  270. 


of  the  carriage,  worked  by  a  lever,  by  which  the  eccentric 
catches  the  chain  in  the  teeth  fitted  to  the  upper  side  of 
the  box  in  the  bottom  of  the  carriage,  and  through  which  the 
chain  passes.  When  the  in-and-out  gear  is  moved  with 
the  chain  caught,  it  carries  the  carriage  with  it,  either  in  or 
out.  By  throwing  the  lever  up,  the  chain  is  released,  and 
the  carriage  ceases  to  move. 

Buffer-blocks,  Z  (Fig.  263),  of  india  rubber  are  placed  at 
each  end  of  the  slide  to  receive  the  carriage  should  it  move 
out  or  in  violently.  Eye-bolts  are  fitted  to  the  carriage  to 
be  used  with  tackles  should  occasion  require  it. 

The  Training-gear,  R,  S,  T,  W  (Figs.  264,  267,  271),  con- 
sists of  a  crown-wheel  and  bevel  pinions  fixed  to  the  rear 
end  of  the  slide,  worked  by  winch-handles,  which  drive  a 
shaft,  R,  extending  forward  beneath  the  slide,  and  armed  at 
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its  forward  end  with  a  cog-wheel,  working  in  the   cogged 
track,  K,  on  the  deck. 

For  Extreme  Train,  when  the  vessel  is  rolling  deep,  or  at 
any  time  that  additional  power  is  required,  a  second  driving- 
pinion  is  provided,  giving  twice  and  a  half  the  power  of 
the  single  pinion ;  a  pawl,  to  lock  the  training-gear,  when  the 
gun  is  stationary,  and  a  brake,  W,  to  control  the  rapidity  of 
training.  The  latter  consists  of  a  diminutive  bow-com- 
pressor applied  to  the  training-gear,  near  the  winch-handle 
(Fig.  271).  Eye-bolts  for  training  are  fitted  to  the  slide  to 
be  used  with  tackles. 


Fio.  271. 

The  Shock  of  Recoil  is  received  by  metal  ribs  cast  on  the 
upper  surface  of  the  heavy  solid  metal  tracks,  H,  and  by  a 
strong  metal  hook,  G,  attached  to  the  front  end  of  the  slide, 
which  ties  it  down  to  the  deck  by  the  hook,  taking  under 
the  strong  metal  lip  of  the  front  track,  H'.  By  this  means 
the  shock  of  recoil  is  not  received  at  any  single  point,  but  is 
distributed  over  the  surface  of  the  three  tracks,  and  thence 
to  the  deck,  and  thus  the  tearing  or  rending  effect"  is  much 
less  at  any  one  of  these  points  than  it  would  be  on  a  single 
pivot-bolt.  Again,  the  compressor-wedges,  E  and  M,  are 
not  only  wedge-shaped  vertically,  but  are  slightly  so  longi- 
tudinally, by  which  arrangement  the  recoil  is  gradually 
checked  or  absorbed,  instead  of  being  suddenly  resisted  as 
with  ordinary  compressors. 

The  Boiv-compressor,  B,  is  self-acting,  from  its  peculiar 
construction.  The  compressor-plates  being  wedge-shaped 
both  vertically  and  horizontally,  lifting  the  carriage  must 
necessarily  ease  them  ;  lowering  the  carriage,  the  reverse 
occurs.  Therefore  the  wheel  being  set  to  a  point  (deter- 
mined by  practice)  and  pawled,  the  mere  running  out  of 
the  gun  in  one  case,  and  firing  in  the  other,  operates  the 
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compressor.  So  that  the  compression  by  the  wheel  having 
once  been  determined,  the  gun  may  be  fired  a  long  time 
without  the  compression  being  altered.  Experiments  prove 
that  one  man  may  set  the  wheel  so  taut  as  to  reduce  the 

recoil  to  three  feet,  one-half  that 
allowed  by  the  slide.  By  this 
arrangement  the  danger  occur- 
ring with  most  compressors,  viz., 
that  the  compressor-man  will  set 
the  compressor  too  taut  or  not 
enough,  is  entirely  obviated ; 
and  any  compressor  not  self- 
acting  is  liable  to  be  worked 
so,  and  the  gun  and  carriage 
seriously  injured  thereby. 

Training-gear.  —  As  this  gear 
is  attached  to  the  rear  end  of  the 
slide,  it  is  much  less  exposed  to 

an  enemy's  shot  than  at  the  ship's  side,  or  in  any  other 
position  about  the  slide.  And  at  night,  or  when  smoke 
and  noise  would  hinder  the  men  at  the  side  of  a  gun 
worked  by  tackles  from  seeing  or  hearing  their  gun-captain, 
the  captain  of  a  gun,  fitted  with  mechanical  training-gear, 
regulates  the  movements  of  the  slide  Avith  the  greatest 
ease,  as  the  motive-power,  viz.,  the  men  at  the  winch- 
handles,  are  within  a  few  feet  of  him.  Again  this  po- 
sition of  the  motive-power  enables  him  to  train  and  keep 
his  gun  on  the  object  as  it  is  being  run  out,  and  save 
much  valuable  time,  especially  in  firing  at  a  moving  object. 
In  practice  the  controlling  brake,  W,  has  answered  its  pur- 
pose very  well,  and  the  training-gear  greatly  increases  the 
rate  of  firing  under  any  conditions,  its  advantages  being 
best  shown  in  bad  weather.  With  it  and  the  in-and-out 
gear,  much  manual  labor  is  saved,  the  crew  being  reduced 
thereby  to  one-third.  In  training  guns  by  tackles  and  hand- 
spikes, the  motion  is  very  irregular,  the  guns  being  many 
times  jumped  beyond  the  desired  point,  while  with  the 
mechanical  gear  the  greatest  nicety  is  obtained. 

954.  Hif/h  and  Loiu  Carriages.  —  The  effect  of  reducing 
the  height  and  increasing  the  length  of  carriages  may  be 
illustrated  by  assuming  an  extreme  case.  Imagine  a  very 
high  and  short  carriage  on  one  slide,  and  a  very  long  and 
low  carriage  on  another.  The  gun  being  fired  horizontally, 
the  shock  of  recoil  in  the  first  instance  will  be  communicated 
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by  a  lever,  represented  by  the  vertical  height  and  length  of 
the  carriage,  and  the  leverage  being  great,  the  shock  will  be 
more  powerful ;  while  with  the  long,  low  carriages  the  lever- 
age is  much  reduced,  and  consequently  the  shock  on  the 
slide,  and  a  longer  surface  is  provided  for  absorbing  the  re- 
coil. Hence  the  same  decks  will  sustain  the  firing  of  heavier 
guns  by  the  use  of  long,  low  carriages  and  high  slides,  pre- 
serving the  axis  of  the  gun  at  the  same  height  above  the 
deck. 

955.  THE  DEPRESSION-CARRIAGES  (Fig.  273).  —  These 
were  designed  by  Capt.  Scott,  R.N.,  for  the  smaller  upper 
guns  of  broadside  vessels,  as  an  auxiliary  defence  against 


torpedo  or  attacking  boats  very  near  or  alongside  the  vessel, 
as  at  such  times  the  main-deck  guns  do  not  possess  sufficient 
depression  to  protect  her  against  them.  Referring  to  Fig. 
273,  the  slide,  A,  is  of  iron  and  has  an  inclination  of  10°  to 
the  front.  To  the  slide  is  attached  the  cylinder  of  an  hy- 
draulic compressor,  B,  the  piston  being  fixed  to  the  front  end 
of  the  carriage,  which  is  of  iron ;  an  elevating  arc,  C,  at- 
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tached  to  the  gun  and  worked  by  a  pinion  and  wheel  instead 
of  the  drum  and  handspikes  in  use  with  heavy  guns,  permits 
of  20°  elevation  and  30°  depression.  A  clamp  fitted  to  the 
axle  fixes  the  gun  as  desired.  Thus,  with  the  ship  on  an 
even  keel,  projectiles  may  be  thrown  100  ft.  high  at  100 
yards'  distance,  or  into  a  boat  as  near  as  13  yards  from  the 
ship's  side.  The  great  amount  of  depression  obtained  makes 
them  a  very  useful  addition  to  broadside  iron-clad  arma- 
ment, as  with  the  utmost  depression  obtainable  with  the 
broadside  carriages  the  shot  would  fall  over  twice  as  far 
from  the  ship's  side.  Without  these  depression-carriages, 
there  would  be  left  around  the  vessel  a  free  zone  of  fire  of 
considerable  size,  in  which  attacking  boats  might  lie  with 
perfect  immunity  from  the  vessel's  heavy  guns. 

956.  THE  ENGLISH  TURRET-CARRIAGE  (Figs.  274,  275). 

The  Slide  consists  of  four  wrought-iron  girder-beams,  A, 
built  into  the  turret  below  the  deck  (see  Fig.  274),  consti- 
tuting strengthening  struts,  and  forming  a  part  of  the  ship. 
These  fixed  girders  have  an  inclination  of  about  3°,  and  form 
slides  on  which  are  mounted  two  compound  pivoting  gun- 
carriages,  the  training  being  effected  by  the  revolution  of  the 
turret  itself. 

The  only  point  of  principle  in  which  the  turret  differ 
from  the  broadside  carriages,  is  in  their  possessing  compound 
vertical  pivoting-gear,  to  minimize  the  vertical  area  of  the 
port.  To  accomplish  this,  the  carriage  and  slide  with  the 
gun  were  lifted  bodily  to  set  heights  by  means  of  screws 
working  irregularly,  involving  considerable  loss  of  time.  It 
is  now  obtained  by  lifting  the  gun  only.  This  is  effected 
by  supporting  the  gun  in  wrought-iron  blocks,  susceptible  of 
vertical  motion  in  the  brackets.  These  blocks  are  united 
beneath  the  gun  by  a  curved  transom  acted  on  beneath  its 
centre  by  the  ram  of  an  hydraulic  jack  attached  to  the 
bottom  plate  of  the  carriage,  which  raises  the  gun  bodily 
•about  six  inches  per  minute.  Iron  props  of  different  lengths 
are  used  to  support  the  trunnion-blocks  in  the  different  po- 
sitions in  which  it  is  intended  to  fire. 

Elevation.  —  On  each  step  the  elevation  and  depression  is 
regulated  by  elevating  gear,  differing  from  the  broadside 
gear  in  that  it  is  adapted  to  use  with  the  axis  of  the  gun  at 
the  three  different  heights ;  a  single  man  at  the  cascabel  of 
the  gun  works  the  pinion  and  spur-wheel,  which  raise  or 
lower  the  gun  along  the  cogged  arc,  or  elevating-bar.  Tin- 
steps  are  so  arranged  that  the  upper  gives  no  elevation  an<J 
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7°  depression,  the  bottom  step  15°  elevation  and  no  depres- 
sion ;  the  middle  or  ordinary  fighting  step  gives  9°  elevation 
and  2°  depressipn.  This  division  of  step  may  be  changed  at 
any  time,  by  substituting  iron  props  of  other  heights. 

The  Carriages  are  adapted  to  the  circular  form  of  the 
turret  by  lengthening  the  inner  bracket  of  each,  and  both 
are  so  reduced  in  front  as  to  leave  considerable  space  between 
them  and  the  turret,  thus  rendering  them,  like  the  broadside 
carriage,  independent 
of  concussions  or  in- 
dentations of  the  ar- 
mor. 

Recoil..— The 
shock  of  recoil  on 
the  trunnion-blocks 
is  distributed  over 
large  bracket-surfaces 
by  the  wrought-iron 
guides  in  which  they 
move.  That  from  the 
carriage  is  conveyed 
to  the  girders  by  the 
long  brackets  of  the 
carriage,  whose  inner 
plates  of  cast-iron 
resting  on  the  gird- 
ers form  excellent 
frictional  surfaces. 

The  Turret  has  a 
spindle  at  its  bottom 
extending  downward 
a  short  distance  into 
a  strong  framework 
built  for  it ;  the  lower 
edge  of  the  turret 
rests  on  coned  rollers, 

connected  by  rods  with  a  flange  or  collar  on  the  spindle :  the 
whole  being  protected  by  a  shield  (Fig.  274).  It  is  revolved 
by  machinery  worked  by  steam  or  by  hand  power ;  usually 
both  are  provided.  If  worked  by  hand,  the  handles  by 
which  the  power  is  applied  are  placed  on  the  deck  below, 
outside  the  turret,  requiring  with  eighteen  men  about  eighty 
seconds  to  perform  one-half  revolution-  with  steam,  eighteen 
seconds. 


FIG.  274. 


414 


NAVAL  ORDNANCE  AND  GUNNERY, 


The  In-and-Out  Gear  consists  of  a  shaft  carrying  two 
endless  chains,  connected  and  detached  from  the  carriage  in 
the  same  way  as  with  the  broadside  carriage.  The  shaft  ex- 
tends through  the  iron  girders  and  the  sides  of  the  turret,  to 
which  handles  are  fixed  to  be  worked  by  the  men  outside. 
It  is  arranged  in  halves  and  connected  by  a  coupling,  so  that 
each  gun  may  or  may  not  be  worked  separately.  As  nearly 
twice  the  power  is  required  to  run  in  and  out  a  turret-gun 


AFT 


as  a  broadside,  the  gearing  is  arranged  to  multiply  the  man- 
ual labor  to  the  desired  extent,  with  the  turret  one  hundred 
and  fifty  times  and  broadside  ninety. 

Elastic  Buffers  are  placed  at  each  end  of  the  girders  or 
slide,  to  check  the  gun  should  it  go  in  or  out  violently. 

Pointing  is  effected  by  sights  on  top  of  the  turret,  on 
which  allowance  is  made  for  the  height  above  the  gun.  In- 
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accuracies  in  the  parallelism  of  the  sights  and  axis  of  the 
gun  are  so  far  compensated  for  by  the  greater  distance  be- 
tween the  front  and  rear  sight  (turret),  that  with  rolling 
motion,  better  shooting  is  sometimes  made  than  with  the 
short  radius  sights  on  the  gun  itself.  By  reference  to  the 
figure,  it  will  be  seen  that  the  same  compressor  and  in-and- 
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FIG.  27G. 


out  gear  are  used  with  both  turret  and  broadside  carriages. 
When  the  turret  is  fixed  and  the  gun  movable,  the  latter 
rests  on  a  turn-table  worked  by  steam,  which  brings  the  gun 
to  the  port,  the  training  being  effected  by  the  mechanical 
gear  (Fig.  275). 
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957.  THE   TURRET-INDICATOR.  —  With  turret-guns,   ex- 
treme depression  can  only  be  given  when  aiming  directly 
abeam,  and  as  the  gun  is  pointed  forward  or  abaft  the  beam, 
a  corresponding  reduction  of  the  extreme  beam-depression 
occurs.     There  is  also  great  liability  of  firing  through  the 
decks  or  shooting  away  rigging,  etc.     To  obviate  this  danger 
and  enable  the  person  pointing  the  gun,  either  on  top  or  in 
the  turret,  to  point  the  gun  at  night  or  in  the  daytime,  clear 
of  the  deck  and  all  obstructions,  an  instrument  has  been  de- 
vised called  the  turret-indicator  (Fig.  276),  fixed  either  on 
the  turret  or  in  it ;  by  which  is  seen  at  a  glance,  by  day  or 
night,  the  angle  of  depression  at  which  both  or  either  of  the 
guns  can  be  fired  at  every  bearing,  clear  of  the  deck  and  all 
obstructions. 

Referring  to  Fig.  276,  it  will  be  seen  that  the  indicator 
consists  of  a  hollow  disk,  with  a  rod  through  its  centre  carry- 
ing a  pointer ;  it  is  graduated  near  its  outer  circumference  to 
indicate  the  arc  of  train  that  the  gun  makes  with  the  beam. 
The  number  of  degrees  marked  on  the  inner  circle,  as  seen 
by  daylight,  indicate  the  amount  of  safe  depression  which 
may  be  given  at  that  arc  of  train,  the  gun  right  or  left  being 
marked  on  the  disk ;  also  the  fore  and  aft  and  beam  points, 
the  black  spaces  indicating  the  obstructions  to  fire. 

For  use  at  night,  the  clear  space  of  the  disk  as  seen  by  day- 
light is  illuminated,  by  which,  although  it  appears  blank  by 
day,  at  night  it  shows  the  same  graduated  arc  of  train  and 
corresponding  anlount  of  depression  as  the  outer  disk,  the 
fore  and  aft  points  being  indicated  by  illuminated  letters 
seen  through  the  open  space  in  the  upright  piece.  By 
machinery  or  hand-power  the  pointer  is  made  to  follow  the 
movements  of  the  turret,  recording  the  arc  of  train  and  cor- 
responding depression. 

958.  THE    MONCRIEFF   SYSTEM    OF   GUN-CAR- 
RIAGE.--The    principle    on  which   this   carriage   is    con- 
structed may  be  shortly  stated  as  that  of  utilizing  the  force 
of  the  recoil  in  order  to  lower  the  whole  gun,  so  that  it  can 
be  loaded  out  of  sight  and  out  of  exposure,  while  retaining 
enough  of  that  force  to  bring  the  gun  up  again  into  the  firing 
position. 

This  principle  belongs  to  all  the  carriages;  but  the  forms 
of  these  carriages,  as  well  as  the  method  in  which  this  prin- 
ciple is  applied,  vary  in  each  case.  For  instance,  in  siege 
guns,  where  weight  is  an  element  of  importance,  the  recoil 
is  not  met  by  counterpoise.  With  heavy  garrison  guns,  on 
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the  other  hand,  which,  when  once  mounted,  remain  perma- 
nent in  their  positions,  there  is  no  objection  to  weight.  In 
that  case,  therefore,  the  force  of  gravity  is  used  to  stop  the 
recoil,  because  it  is  a  force  always  the  same,  easily  managed, 
and  not  likely  to  go  wrong. 

The  great  difficulty  arising  from  the  enormous  destructive 
force  of  the  recoil  of  heavy  guns  is  here  overcome. 

That  part  of  the  carriage,  E  (Fig.  277),  which  is  called 
the  elevator,  may  be  spoken  of  and  treated  as  a  lever.  This 
lever  has  the  gun-carriage  axle  at  the  end  of  the  power-arm, 
and  the  centre  of  gravity  of  the  counter-weight,  C,  at  the 
end  of  the  weight-arm,  there  being  between  them  a  moving 
fulcrum. 


When  the  gun,  G,  is  in  the  firing  position,  the  fulcrum 
on  which  this  lever  rests  is  almost  coincident  with  the  centre 
of  gravity  of  the  counter-weight,  C,  and  when  the  gun  is 
fired  the  elevators  roll  on  the  platform  ;  and  consequently  the 
fulcrum,  or  point  of  support,  travels  away  from  the  end  of 
the  weight-arm  towards  the  end  of  the  power-arm,  or,  in 
other  words,  it  passes  from  the  counter-weight,  C,  towards 
the  gun,  G. 

When  the  gun  is  fired,  its  axle  passes  backwards  on  the 
upper  or  flat  part  of  a  cycloid.  It  is  free  to  recoil,  and  no 
strain  is  put  upon  any  part  of  the  structure,  because  the  coun- 
ter-weight commences  its  motions  at  a  very  low  velocity. 
As  the  recoil  goes  onv  however,  the  case  changes  completely, 
for  the  moving  fulcrum  travels  towards  the  gun,  making  the 
weight-arm  longer  and  longer  every  inch  it  travels.  Thus 
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the  resistance  to  the  recoil,  least  at  first,  goes  on  in  an  in- 
creasing progression  as  the  gun  descends,  and  at  the  end  of 
the  recoil  it  is  seized  by  a  self-acting  pawl,  or  clutch. 

The  recoil  takes  place  without  any  jar,  without  any  sud- 
den strain,  and  its  force  is  retained  under  control  by  the  men 
at  the  gun,  to  bring  it  to  the  firing  position  at  any  moment 
they  may  choose  to  release  it.  The  recoil,  moreover,  how- 
ever violent  at  first,  does  not  put  injurious  horizontal  strain 
on  the  platform. 

959.  HYDRAULIC  APPLIANCES. -- The  hydraulic  system 
of  loading  and  working  guns  as  applied  to  the  turret  of  the 
"  Thunderer  "  is  illustrated  by  Fig.  278. 

The  principal  mechanism  of  a  gun-carriage  mounted  on  a 
slide  is  that  for  absorbing  and  regulating  the  force  of  recoil, 
and  for  moving  the  gun  from  loading  to  firing  position,  or 


FIG.  278. — Turret  with   two  38-ton  guns,  showing 
under  port,  and  hydraulic  buffer. 


loading  from  below 


back.  In  the  usual  English  type  of  carriage  the  former 
office  is  performed  by  a  peculiar  and  very  powerful  brake, 
known  as  the  compressor,  and  the  latter  usually  by  winch- 
gear,  giving  motion  to  an  endless  chain  so  placed  beneath  the 
carriage  that  it  may  be  seized  at  any  point  by  a  clutch  on 
the  carriage. 

In  the  hydraulic  arrangement  all  this  mechanism  is  re- 
placed by  the  press  or  cylinder  seen  in  the  figure.  This 
press  acts  both  to  check  recoil,  and  to  give  motion  to  the 
gun-carriage  on  the  slide.  It  is  fixed  on  the  slide  in  the  line 
of  recoil,  with  its  piston-rod  permanently  attached  to  the 
carriage. 

Running  In  and  Out.  —  To  run  the  carriage  in  or  out,  it 
is  only  necessary  to  admit  to  one  side  or  other  of  the  piston 
the  water  delivered  from  the  steam-pumps.  When  the  gun 
recoils,  the  water  is  driven  out  of  the  press  through  a  loaded 
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and  partly  balanced  valve,  the  resistance  of  which  to  its  pas- 
sage arrests  the  recoil,  and  can  be  adjusted  at  a  moment's 
notice  so  as  to  regulate  the  extent  of  recoil  under  different, 
conditions.  In  its  office  of  checking  recoil  it  is  self-acting, 
and  always  ready  for  use  without  any  preparation.  What- 
ever the  weight  of  the  gun,  no  men  are  required  for  running 
in  or  out  beyond  the  one  whose  duty  it  is  to  open  and  close 
the  valves  which  allow  the  water-pressure  to  act. 

The  gun  is  made  partial  muzzle-pivoting  by  hinging  the 
slide  horizontally  at  the  rear,  the  front  end  being  free  to  be 
raised  or  lowered  upon  suitable  chocks  from  the  floor  of  the 
turret,  at  the  different  heights  required  to  give  the  desired 
range  of  elevation  to  the  gun  in  the  port. 

Loading.  —  The  loading  is  effected  by  turning  the  turret 
so  as  to  bring  the  muzzle  of  the  gun  opposite  either  one  of 
two  distinct  sets  of  loading-gear  placed  on  the  main  deck,  and 
locking  it  in  this  position  by  a  catch.  The  gun  is  at  the 
same  time  depressed,  so  that  the  charge  may  be  raised  to  the 
muzzle  and  pushed  home  in  the  bore  at  an  inclination  from 
below  the  upper  deck. 

The  projectile  is  brought  up  to  the  loading-place  on  a 
small  railway-truck  controlled  by  a  friction-plate,  which 
clamps  it  to  the  rails  whenever  the  truck-handle  is  lowered. 
It  is  then  run  on  to  a  hoist  which  rises  with  it  out  of  the 
main  deck  until  arrested  by  stops  placed  so  as  to  bring  the 
hoist  to  rest  when  the  projectile  is  in  line  with  the  bore  of 
the  gun.  It  is  then  pushed  off  the  truck  into  the  muzzle, 
and  rammed  home  by  an  hydraulic  rammer,  consisting  of  a 
parallel  tube  in  which  runs  a  piston-rod  armed  with  a  ram- 
mer-head. 

Sponging.  —  The  same  rammer  is  used  for  pushing  home 
the  charge,  and  also  for  cleaning  the  bore  after  each  round. 
For  this  purpose  the  head  of  the  rammer  is  formed  like  an 
ordinary  sponge,  and  it  contains  a  self-acting  valve,  which 
opens  when  pushed  against  the  end  of  the  bore,  so  as  to  dis- 
charge a  strong  jet  of  water  within  the  gun.  In  loading, 
this  valve  does  not  act,  because  it  does  not  then  come  in  con- 
tact, owing  to  the  peculiar  form  of  the  rammer-head. 

The  same  form  of  rammer  has  been  made  telescopic  to 
reduce  its  length.  A  wad  pushed  home  with  the  projectile 
prevents  it  from  running  forward  when  the  rammer  is  with- 
drawn. 

960.  Advantages.  —  The  advantages  claimed  for  this 
method  are  — 
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1.  The  loading  operation  is  transferred  from  a  confined 
space  and  exposed  position  in  the  port  to  a  roomy  and  con- 
venient place  on  the  main  deck,  where  the  apparatus  is  com- 
pletely protected. 

2.  The  dimensions,  and  consequently  the  weight,  of  the 
turret  required  to  protect  an}^  given  gun  are  greatly  reduced, 
because  the  minimum  diameter  that  will  take  in  the  length 
of  the  gun  is  all  that  is  necessary,  without  additional  space 
for  loading. 

3.  Instead  of  a  large  gun's  crew,  one  man  in  the  turret 
and  one  outside  may  direct  and  control  all  the  movements  of 
the  heaviest  gun,  and  may  load  and  fire  it  without  other  help 
than   that   involved   in  bringing  up  the  ammunition ;   and, 
finally,  far  greater  rapidity  of  fire  is  obtained  than  would  be 
possible  by  manual  power. 

The  loading  positions  are  duplicated,  to  give  a  reserve  in 
case  of  accident,  or  to  enable  that  one  to  be  selected  which 
may  best  keep  the  turret-port  out  of  the  line  of  the  enemy's 
fire.  In  the  event  of  accident  to  the  hydraulic  loading-gear, 
the  gun  may  be  loaded  from  below  by  hand. 

The  carriages  are  arranged  so  that  recourse  may  be  had 
to  hand-power  for  working  the  guns,  should  any  accident  to, 
or  failure  of,  the  hydraulic  system  occur.  For  this  purpose 
the  mechanical  means  of  working  by  hand  have  been  re- 
tained side  by  side  with  the  hydraulic  apparatus,  and  it  has 
been  necessary  to  adhere  generally  to  the  usual  mode  of 
mounting  a  gun.  But  it  is  thought  that  where  this  con- 
dition is  not  imposed,  great  advantages  in  simplicity  and 
strength  of  the  apparatus  required,  and  in  the  safety  with 
which  exceptionally  heavy  guns  may  be  worked,  can  be 
obtained  by  a  radical  change  in  the  method  of  mounting 
the  gun. 

961.  THE  CARRIAGES  OF  THE  80-  AND  100-TON  GUNS.— 
The  carriages  on  which  these  guns  are  mounted  are  nearly 
identical,  and  one  description  will  suffice. 

The  peculiar  feature  in  the  mounting  of  this  gun  is  the 
suppression  of  the  carriage  proper.  Each  trunnion  is  fitted 
in  a  heavy  bronze  slide-block,  which  rests  on  a  heavy  beam 
or  girder  forming  part  of  the  bottom  of  the  turret.  Directly 
in  rear  of  each  trunnion,  and  placed  horizontally,  is  an  hy- 
draulic ram,  the  piston  of  which  is  attached  to  the  trunnion. 
These  two  cylinders  absorb  the  recoil,  and  also  supply  the 
means  of  running  the  gun  in  and  out.  The  water  is  forced 
into  them  by  a  small  steam-pump  through  one  pipe  common 
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to  them  both,  so  as  to  insure  each  doing  the  same  amount  of 
work.  The  gun  is  further  supported  under  the  breech  by  an 
iron  beam,  pivoted  at  the  rear  end,  and  supported  near  its 
front  end  by  the  piston  of  an 
hydraulic  press.  The  rear 
end  of  this  bar  is  at  such  a 
height  as  always  to  bring 
the  gun  level  when  run  in. 
When  the  gun  is  at  extreme 
elevation,  the  front  end  of 
the  bar  rests  on  a  heavy 
rubber  buffer  which  aids  in 
absorbing  the  shock  of  the 
discharge.  There  are  two 
points  to  be  specially  noticed 
in  the  mounting  of  this  gun. 
The  first  is,  that  the  trun- 
nions are  so  far  forward  that 
the  point  of  rotation  of  the 
gun  is  brought  very  close 
to  the  port,  allowing  it  to 
be  made  much  smaller  than 
when  the  trunnions  are  near- 
er the  breech.  The  second 
is  the  arrangement  of  the 
bar  by  which  the  gun  is 
elevated.  During  the  recoil 
the  breech  slides  up  the  in- 
clined plane  ;  the  muzzle  is 
depressed  and  prevented 
from  taking  against  the  up- 
per port-sill,  which  admits  of 
a  less  vertical  height  to  the 
port  than  when  the  gun  re- 
coils retaining  the  angle  of 
fire.  The  recoil  allowed  to 
this  gun  is  about 'four  feet. 

The  guns  are  loaded  by  hydraulic  power  in  the  manner 
already  described. 


CHAPTER    VIII. 

EXPLOSIVE   AGENTS. 

Section  I.  —  General  Consideration  of  Explosives.* 

962.  EXPLOSIVE   REACTIONS.  —  All   chemical   changes, 
whether  of  combination  or  decomposition,  are   called  reac- 
tions. 

Reactions  take  place  in  or  between  molecules.  The  same 
atoms  are  found  after  a  reaction  as  were  present  before,  but 
differently  arranged  or  united,  forming  molecules  different 
from  those  which  entered  into  the  reaction.  The  reaction, 
then,  is  a  change  in  the  manner  in  which  the  attractions  or 
affinities  of  the  atoms  are  exerted.  The  operations  of  these 
attractions  are  governed  by  the  circumstances  under  which 
they  are  exercised.  Then,  in  order  to  produce  any  desired 
result,  certain  necessary  conditions  must  be  fulfilled. 

These  conditions  vary  between  extreme  limits.  Thus,  in 
one  compound,  the  attractions  which  bind  together  its  parts 
may  be  so  feebly  exercised  that  the  slightest  change  in  its 
surrounding  circumstances  will  bring  about  its  decomposi- 
tion, while  to  reverse  those  of  another  compound  may  re- 
quire that  the  most  powerful  agencies  should  be  exerted  for 
a  long  time.  Again,  compounds  which  are  stable  at  the 
ordinary  temperature  may  be  broken  up  when  moderately 
heated,  or  reactions  which  occur  at  the  ordinary  pressure 
may  be  entirely  altered  if  the  same  materials  are  brought 
together  at  a  different  pressure. 

Reactions  may  go  on  rapidly  or  slowly,  and  be  accompa- 
nied by  evolution  of  gas,  heat,  light,  electricity,  etc.  When 
these  accompaniments  are  of  a  certain  kind,  explosive  effect 
results,  and  we  have  explosive  reactions ;  but  such  chemical 
changes  are  governed  by  the  same  laws  as  all  reactions. 

963.  DEFINITION  OF  EXPLOSION.  —  The  term  explosion 

*  Hill. 
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is  rather  loosely  used.  Considering  it  as  synonymous  with 
explosive  reaction,  it  may  be  defined  as  a  chemical  action, 
causing  the  sudden  or  extremely  rapid  formation  of  a  very 
great  volume  of  highly  expanded  gas. 

964.  EXPLOSIVE  EFFECT.  —  Explosive  effect  is  caused  by 
the  blow  or  impulse  given  by  this  rapid  production  of  gas  in 
a  confined  space. 

The  explosive  character  of  the  change,  then,  depends  — 

1st.  Upon  the  great  change  of  state  produced,  that  is,  the 
formation  of  gas  very  much  greater  in  volume  than  the 
substance  from  which  it  is  derived,  and  which  is  still  more 
expanded  by  the  heat  evolved. 

2d.  Upon  the  shortness  of  the  time  required  for  the 
change  to  take  place. 

Both  these  causes  operate  to  a  greater  or  less  extent  in  all 
explosive  reactions.  When  both  are  fully  exerted  the  most 
energetic  chemical  reaction,  or,  in  other  words,  the  most  vio- 
lent explosion,  takes  place.  Also,  the  differences  in  explo- 
sions and  explosive  bodies  depend  upon  the  differing  manner 
and  proportions  in  which  they  are  exerted.  Thus,  nitro- 
glycerine is  much  more  powerful  and  violent  than  gun- 
powder, because  it  generates  a  larger  volume  of  gas  in  a 
shorter  time:  Again,  fulminating  mercury  is  not  more  pow- 
erful than  gunpowder,  although  the  decomposition  goes  on 
more  quickly,  since  the  quantity  of  gas  given  off  and  the 
temperature  of  the  reaction  are  less. 

The  kinds  and  quantity  of  gas  given  off  in  an  explosive 
reaction  depend  upon  the  chemical  composition  of  the  explo- 
sive body  and  the  character  of  the  decomposition. 

The  heat  evolved  during  the  reaction  adds  to  the  effect 
by  increasing  the  tension  (expanding  the  volume)  of  the 
gas  formed.  The  heat  given  off  in  a  reaction  is  an  absolute 
quantity,  the  same  whether  the  reaction  goes  on  slowly  or 
rapidly.  But  the  explosive  effect  will  evidently  greatly  de- 
pend upon  the  rapidity  of  the  formation  and  expansion  of  the 
gas.  Thus,  if  an  explosive  undergoes  the  same  change  un- 
der all  circumstances  of  firing,  then  the  total  amount  of 
force  developed  will  always  be  the  same ;  but  the  explosive 
effect  will  be  increased  as  the  time  of  action  is  lessened. 

965.  CIRCUMSTANCES   OF   EXPLOSION.  —  Explosions  are 
greatly  affected  by  the  circumstances  attending  them.    Differ- 
ent substances,  of  course,  give  different  results,  from  their 
different  compositions  and  reactions.     But  we  also  find  that 
the  same  substance  will  exercise  a  different  explosive  effect 
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when  fired  under  certain  conditions  than  under  others. 
These  may  affect  either  the  rapidity  or  the  results  of  the 
chemical  change.  By  shortening  the  time  of  the  reaction 
the  explosion  is  rendered  sharper  and  more  violent.  With 
some  explosives,  the  decomposition  is  different  under  differ- 
ent circumstances.  Thus,  gunpowder,  when  fired  under 
great  pressure,  gives  different  products  than  when  fired 
un confined. 

Circumstances  of  explosion  may  be  generally  considered 
under  — 

1st.  Physical  or  mechanical  condition  of  the  explosive 
body  itself. 

2d.  External  conditions. 

3d.  Mode  of  firing. 

966.  Physical  or  Mechanical  Condition  of  the   Explosive 
Body.  —  Many  instances  may  be  given  indicating  the  influ- 
ence of  its  state  upon  the  explosion  of  a  substance.     Thus, 
nitro-gylcerine  at  temperatures  above  40°  Fah.  is  a  liquid, 
and  in  a  liquid  condition  may  be  violently  exploded  by  a  fuze 
containing  15  grains  of  fulminating  mercury.     Below  40°  it 
freezes  and  cannot  be  so  fired,  f>xce>v"t>|  ou^ec-uU-fc/r  ^>-e 

The  advantage  of  dynamite  over  nitro-gylcerine  lies 
altogether  in  the  fact  that  the  former  is  presented  in  another 
mechanical  condition,  more  convenient  and  safer  to  use  than 
the  liquid  form.  The  nitro-glycerine  itself  is  the  same  chem- 
ically in  either  case.  The  same  mixture  of  charcoal,  snil- 
phur,  and  saltpetre  gives  a  very  different  effect  if  made  up 
into  large  grains  than  if  made  up  into  small  ones.  Gun- 
cotton  presents  the  most  marked  example  of  the  effect  of 
mechanical  state,  since  it  can  be  prepared  in  so  many  ways. 

If  flame  is  applied  to  loose  uncompressed  gun-cotton  it 
will  flash  off;  if  it  is  spun  into  threads  or  woven  into  webs, 
its  rate  of  combustion  may  be  so  much  reduced  that  it  can 
be  used  in  gunnery  or  for  a  quick  fuze  ;  powerfully  com- 
pressed and  damp,  it  burns  slowly ;  dry  gun-cotton  may  be 
exploded  by  a  fulminate  fuze ;  wet,  it  requires  an  initial 
explosion  of  a  small  amount  of  dry,  etc. 

967.  External    Conditions.  —  Confinement    is    necessary 
to  obtain  the  full  effect  of  all  explosives.     The  most^  rapid 
explosion   requires   a  certain   time  for  its  accomplishment. 
As  the  time  required  is  less,  the    amount   of  confinement 
necessary  is  less.     Then,  with  the  sudden  or  violent  explo- 
sives, the  confinement  required  may  be  so  small  that  its  con- 
sideration may  be  practically  neglected.     For  instance,  large 
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stones  or  blocks  of  iron  may  be  broken  by  the  explosion  of 
nitro-glycerine  upon  their  surfaces  in  the  open  air.  Here 
the  atmosphere  itself  acts  as  a  confining  agent. '  The  explo- 
sion of  the  nitro-glycerine  is  so  sudden  that  the  air  is  not  at 
once  moved. 

Again,  chloride  of  nitrogen  is  one  of  the  most  sudden 
and  violent  of  all  explosives.  In  its  preparation  it  is  precipi- 
tated from  a  watery  liquid,  and  therefore  is,  when  used,  wet 
or  covered  with  a  very  thin  film  of  water.  This  thin  film  of 
water,  not  more  than  l-1000th  of  an  inch  in  thickness,  is  a 
necessary  and  sufficient  confinement,  and  if  it  is  removed  the 
explosive  effect  is  much  diminished. 

Gunpowder,  on  the  other  hand,  requires  strong  confine- 
ment, since  its  explosion  is  comparatively  slow.  Thus,  in 
firing  a  large  charge  of  gunpowder  under  water,  unless  the 
case  is  strong  enough  to  retain  the  gases  until  the  action  has 
become  general,  it  will  be  broken,  and  a  large  amount  of 
the  powder  thrown  out  unburned.  This  is  often  the  case  in 
firing  large-grained  powder  in  heavy  guns.  The  ball  leaves 
the  gun  before  all  the  powder  has  burned,  and  grains  or 
lumps  of  it  are  thrown  out  uninjured. 

The  confinement  needed  by  the  slower  explosives  may 
be  diminished  by  igniting  the  charge  at  many  points,  so  that 
less  time  is  required  for  its  complete  explosion. 

968.  Mode  of  Firing.  —  In  any  explosive  reaction  the 
mode  of  bringing  about  the  change  exercises  an  important 
influence.  The  application  of  heat,  directly  or  indirectly,  is 
the  principal  means  of  causing  an  explosion.  Thus,  in  gun- 
nery, the  flame  from  the  percussion-cap  or  primer  directly 
ignites  the  charge ;  so  also  a  fine  platinum  wire  heated  by  an 
electric  current  will  ignite  explosive  material  which  is  in 
contact  with  it.  Friction,  percussion,  concussion,  produce 
the  same  effect  indirectly,  by  the  conversion  of  mechanical 
energy  into  heat,  which  is  communicated  to  the  body  to  be 
exploded. 

When  one  explosive  body  is  used  as  a  means  of  firing 
another,  it  may  be  considered  that  the  blow  delivered  by  the 
gas  suddenly  formed  from  the  firing-charge  acts  percussively 
upon  the  mass  to  be  exploded.  The  particles  of  this  gas  are 
thrown  out  with  great  velocity ;  but  meeting  wit'h  the  resist- 
ance of  the  mass  around  them,  they  are  checked,  and  their 
energy  is  converted  into  heat.  It  is  found,  however,  that  the 
action  of  explosives  on  one  another  cannot  be  perfectly 
explained  in  this  way.  If  the  action  were  simply  the  con- 
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version  of  energy  into  heat,  then  the  most  powerful  explo- 
sive would  be  the  best  agent  for  causing  explosion.  But  this 
is  not  the  case.  Nitre-glycerine  is  much  more  powerful  than 
fulminating  mercury;  but  15  grains  of  the  latter  will  explode 
gun-cotton,  while  70  times  as  much  nitroglycerine  will  not 
do  it. 

Chloride  of  nitrogen  is  much  more  violent  than  fulminat- 
ing mercury,  but  larger  quantities  of  the  former  than  of  the 
latter  must  be  used  to  cause  other  explosions. 

Again,  nitro-glycerine  is  fired  with  certainty  by  a  small 
amount  of  fulminating  mercury,  while  with  a  much  larger 
amount  of  gunpowder,  the  explosion  is  less  certain  and 
feebler. 

In  these  cases,  it  is  evident  that  the  fulminating  mercury 
must  have  some  special  advantage,  since  it  produces  the 
desired  effect  more  easily  than  the  others.  It  may  be  consid- 
ered that  the  fulminating  mercury  sets  up  a  form  of  motion 
or  vibration,  to  which  the  other  bodies  are  sensitive.  Just  as 
a  vibrating  body  will  induce  corresponding  vibrations  in 
others,  so  the  peculiar  rate  of  motion  or  wave  of  impulse, 
sent  out  by  fulminating  mercury,  exerts  a  greater  disturbing 
influence  upon  the  molecules  of  certain  bodies  than  that 
derived  from  the  other  substances. 

An  explosive  molecule  is  unstable  and  very  susceptible 
to  external  influences.  Its  atoms  are  in  a  nicely  balanced 
equilibrium,  which  is,  however,  more  readily  overturned  by 
one  kind  of  blow  than  another.  The  explosive  molecule 
takes  up  the  wave  of  impulse  of  the  fulminate,  but  the  strain 
is  too  great,  and  its  own  balance  is  destroyed.  So  a  glass 
may  stand  a  strong  blow,  while  a  particular  note  or  vibration 
will  break  it. 

In  the  case  mentioned  above,  of  gun-cotton  affected  by 
nitro-glycerine  or  fulminate,  the  explosion  of  the  nitro-gly- 
cerine is  strong  enough- to  tear  and  scatter  the  gun-cotton, 
but  the  blow,  though  very  powerful,  is  not  one  that  the  gun- 
cotton  is  sensitive  to ;  on  the  other  hand  the  fulminate  blow, 
though  weaker,  readily  upsets  the  molecule  of  the  gun- 
cotton. 

In  addition,  the  explosion  proceeds  very  differently  when 
brought  about  in  this  way  than  when  caused  by  simple 
inflammation.  When  a  mass  of  explosive  is  ignited  by  a 
flame,  the  action  extends  gradually  through  it ;  but  if  it  is 
exploded  by  a  blow,  acting  in  the  manner  above  described,  it 
is  plain  that  the  explosion  will  be  nearly  instantaneous 
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throughout,  since  the  impulse  will  be  transmitted  through 
the  mass  with  far  greater  rapidity  than  an  inflammation  pro- 
ceeding from  particle  to  particle.  The  explosive  reaction 
will  then  proceed  much  more  rapidly,  and  the  explosive  effect 
will  be  much  sharper,  that  is,  more  violent. 

It  is  found  that  this  difference  in  explosive  effect  accord- 
ing to  mode  of  firing  is  very  marked,  and  it  is  indicated  in 
the  use  of  the  term  detonation. 

969.  DETONATION  is  the  instantaneous  explosion  of  the 
whole  mass  of  a  body.     Thus,  when  gunpowder  is  fired  in 
the  usual  manner,  true  combustion  takes  place,  which  goes  on 
with  comparative  slowness  from  the  surfaces  of  the  grains 
toward  their  interiors.     On  the  other  hand,  when  nitro-gly- 
cerine  is  fired  by  means  of  fulminating  mercury,  the  whole 
mass  explodes  simultaneously,  or  nearly  so. 

Doubtless,  a  certain  time  is  always  necessary ;  but  with 
the  so-called  detonating  explosives,  it  can  be  practically  neg- 
lected, and  the  explosion  called  instantaneous. 

970.  BODIES    SUSCEPTIBLE    OF   DETONATION.  —  Some 
explosives  seem   to  always  detonate,  no    matter   how  fired 
(e.g.,  chloride  of  nitrogen,  the  fulminates,  etc.),  while  others 
are   detonated  or  not,  according  to  the  mode  of  firing  (gun- 
cotton,  gunpowder,  etc.). 

Probably  all  explosives  can  be  detonated  if  the  right 
methods  of  doing  so  are  known. 

Gun-cotton  seems  to  have  a  greater  range  of  susceptibil- 
ity to  different  modes  of  firing  than  any  other  explosive 
agent.  It  can  be  made  to  burn  slowly  without  explosion, 
and  the  rapidity  of  its  action  can  be  increased  up  to  the 
detonating  point.  Nitro-glycerine  always  explodes  power- 
fully, but  its  effect  is  much  lessened  when  fired  with  gun- 
powder. 

Gunpowder,  as  ordinarily  used,  is,  of  course,  not  det- 
onated, as  the  violent,  sudden  effects  of  detonation  would 
be  undesirable.  For  other  purposes  (e.g.,  torpedoes,  etc.)  it 
would  be  a  great  advantage  if  it  could  be  made  to  give  more 
violent  explosive  effects  by  a  peculiar  mode  of  firing.  It  has 
been  demonstrated  that  this  can  be  done,  although  the  best 
mode  of  doing  it,  or  whether  detonation  is  actually  accom- 
plished, is  not  known. 

Probably  a  mechanical  mixture  like  gunpowder  can  never 
be  brought  by  any  mode  of  firing  to  approach  as  near  to  a 
perfect  detonation  as  the  chemical  substance  nitre-glycerine 
or  gun-cotton  ;  but,  even  if  not  detonated,  better  effects  for 
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certain  uses  may  be  obtained  from  it  if  the  proper  means  is 
used. 

971.  MODES  OF  PRODUCING  DETONATION.  —  Detonation 
is  produced  by  the  application  of  the  requisite  concussive 
force  by  means  of  a  detonating  fuze.     A  detonating  fuze  is 
one  which  causes  explosion  by  the  blow  or  shock  it  gives, 
while  the  ordinary  fuze  usually  ignites  by  simple  inflamma- 
tion.    Detonating    fuzes    are    generally   charged   with   ful- 
minating mercury,  a  substance  which  seems  to  be  specially 
adapted  for  this  use.     With  such  fuzes  are  fired  nitro-gly- 
cerine  and  its  preparations  and  dry  gun-cotton. 

There  seems  to  be  for  each  explosive  about  a  certain 
amount  and  kind  of  force  required  to  effect  detonation, 
which  must  not  be  materially  departed  from. 

If  the  fuze  is  too  weak,  inflammation  or  a  feeble  explosion 
only  will  result ;  if  too  heavily  charged,  it  is  more  likely  to 
scatter  or  disintegrate  the  material  acted  upon  than  to  ex- 
plode it. 

There  is  also  a  relation  between  the  mass  of  the  explosive 
and  the  charge  of  the  detonating  fuze  which  must  be  observed. 
This  relation  is  more  marked  with  some  explosives  than  with 
others.  Thus,  nitro-glycerine  is  a  body  easily  detonated, 
and  the  same  amount  of  fulminate  seems  to  fire  equally  well 
all  usual  quantities.  If  a  single  particle  is  detonated,  the 
action  quickly  extends  through  the  whole  mass. 

Other  substances,  less  easily  detonated,  require  that  as 
the  mass  is  increased  the  force  applied  shall  be  increased,  so 
that  all  the  particles  shall  receive  a  sufficient  bloxv,  other- 
wise only  a  part  will  be  detonated. 

972.  COMPARATIVE  VALUE  OF  DETONATION.  — In  a  det- 
onation we  have  the   fullest  explosive  effect.     The  sudden- 
ness of  the  explosion  concentrates  the  blow,  making  it  sharp 
and  violent.     For  certain  purposes  this  is  much  more  effec- 
tive than  would  be  the  same  total  amount  of  force  more 
slowly  exerted.     For  instance,  in  blasting  hard  rock  the  vio- 
lent explosion  will  throw  out  and  shatter  much  more  rock 
proportionally  than  the  slower  explosion,  which  intends  to 
escape  in  the  direction  of  the  least  resistance.     Therefore, 
in  blasting  with  nitro-glycerine,  for  example,  hard  tamping 
is  unnecessary.     The  explosion  is  too  sudden  to  allow  the 
gases  to  blow  out  the  tamping  and  so  escape.     The  effect  is 
consequently  equal  in  all  directions.     The  advantages  gained 
in  blasting  with  nitro-glycerine  and  its  preparations  are  so 
great  that  their  use  is  constantly  increasing,  in  spite  of  their 
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high  cost  and  the  prejudice  against  them,  on  account  of  the 
many  accidents  that  have  occurred  with  them. 

In  submarine  work,  such  as  torpedo-firing,  the  advantage 
of  the  violent  explosion  is  at  least  equally  great. 

In  general,  when  a  scattering,  tearing  effect  is  desired, 
the  detonating  explosive  must  be  used. 

973.  COMPOSITION  OF  EXPLOSIVE  BODIES.  —  An  explo- 
sive body  must  be  composed  of  constituents  which  will,  on 
explosion,  form  large  quantities  of  permanent  gas,  and  they 
must  be  so  associated  that  the  reaction  can  be  readily 
brought  about  and  will  proceed  with  great  energy  and  rapid- 
ity. With  few  exceptions,  explosives  are  essentially  com- 
posed of  carbon,  oxygen  and  nitrogen.  On  explosion,  the 
carbon  and  oxygen  unite  to  form  carbonic-acid  gas,  and 
nitrogen  is  set  free  in  the  gaseous  state.  Carbon  and  oxygen 
readily  combine,  and  the  combination  is  attended  with  a 
great  evolution  of  heat.  The  nitrogen  plays  an  important 
part.  In  the  explosive  it  is  in  combination  with  oxygen ; 
but  its  attraction  for  the  latter  is  comparatively  feeble,  and  it 
readily  gives  up  its  ox}rgen  to  the  carbon,  assuming  itself  the 
gaseous  state.  The  nitrogen,  then,  is  a  means  of  closely  as- 
sociating together  the  particles  of  carbon  and  oxygen  before 
direct  combination  takes  place,  and  also  increases  the  quan- 
tity of  gas  formed. 

In  an  ordinary  combustion  the  oxygen  of  the  air  slowly 
comes  into  contact  with  the  combustible,  but  in  an  explosive 
the  oxygen  and  carbon  are  already  very  near,  so  that  exten- 
sive action  follows  the  exciting  cause. 

Besides  these  three  elements,  others  are  frequently  pres- 
ent which  act  in  the  same  manner,  or  are  necessities  of 
constitution.  Thus,  in  gunpowder,  besides  carbon  there  is 
sulphur,  another  combustible  body,  and  the  nitrogen  and  oxy- 
gen are  introduced  in  the  form  of  saltpetre  (potassium  ni- 
trate) which  contains  potassium.  In  many  explosives  hydro- 
gen enters  with  the  carbon  and  plays  a  similar  part. 

It  is  convenient  to  divide  explosive  agents  into  explosive 
compounds  and  explosive  mixtures. 

In  an  explosive  compound,  the  elements  composing  it  are 
in  chemical  combination,  and  cannot  be  separated  except  by 
chemical  change. 

In  an  explosive  mixture,  the  ingredients  are  mechani- 
cally mixed,  and  can  be  separated  by  mechanical  means. 

In  an  explosive  mixture,  properly  so  called,  the  separate 
constituents  do  not  have  explosive  properties,  but  these 
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belong  to  the  mixture  only.  For  instance,  gunpowder  is  an 
explosive  mixture,  but  dynamite  is  not,  for  it  is  merely  the 
explosive  compound  nitre-glycerine,  contained  in  an  inert 
absorbent  which  has  no  explosive  properties. 

While  this  distinction  is  a  good  one  in  the  main,  it  is  not 
always  strictly  applicable.  There  are  some  mixtures  which 
contain  substances  having  themselves  explosive  properties. 
In  such  a  case,  however,  the  explosive  properties  of  the  com- 
pound are  not  sufficiently  great  to  render  it  useful  by  itself, 
and  it  enters  into  the  mixture  as  a  combustible  ingredient. 
Thus,  a  picrate  has  a  certain  quantity  of  oxygen  available 
in  the  explosive  reaction,  but  not  enough,  so  it  is  mixed  Avith 
a  substance  supplying  oxygen,  such  as  potassium  nitrate 
(saltpetre)  or  potassium  chlorate. 

There  are  a  great  number  of  compounds  known  to  pos- 
sess explosive  properties,  but  only  a  very  few  are  used  in 
practice. 

The  number  of  explosive  mixtures  that  have  been  made 
is  very  large,  and  the  number  that  may  be  made  is  almost 
endless.  They  are  all,  however,  essentially  alike,  each  con- 
taining a  combustible  substance,  and  one  capable  of  furnish- 
ing oxygen. 

Section  II.  —  Explosive  Compounds. 

974.  EXPLOSIVE     COMPOUNDS.  —  Nitro-glycerine, 
gun-cotton,  the  picrates  and  the  fulminates  are  the  only  ex- 
plosive compounds  that  are  practically  important.     The  first 
three  are  good  examples  of  the  constitution  of  an  explosive. 
Each  is  formed  from  a  body  composed  of  carbon,  hydrogen 
and  oxygen,  by  introducing  into  it  a  number  of  atoms  of 
nitrogen  and  oxygen  in  feeble  combination  in  place  of  part 
of  the  original  hydrogen.     In  this  way  a  new  substance  is 
obtained,  unstable  from  its  greater  complexity,  and  also  from 
the  peculiar  condition  of  the  added  atoms.     The  nitrogen 
holds  the  oxygen  but  feebly,  so  that  a  slight  disturbance  of 
the  equilibrium  brings  into  action  the  stronger  attractions 
of  the  carbon  and  hydrogen  for  oxygen. 

The  fulminates  are  probably  similarly  constituted, 
although  their  mode  of  formation  is  not  so  well  understood. 

975.  NITRO-GLYCERINE  is  formed  by  the  action  of  nitric 
acid  upon  glycerine  at  a  low  temperature.     The  process  of 
manufacture  consists  essentially  in  the  slow  mixing  of  the 
glycerine  with  the  acid,  a  low  temperature  being  preserved 
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during  the  whole  operation,  and  in  separating  and  washing 
the  nitre-glycerine  from  the  excess  of  acid  with  water. 

Materials.  —  The  glycerine  is  the  commercial  article  of 
good  quality.  It  must  be  free  from  the  adulterations  often 
found  in  it. 

The  nitric  acid  must  be  strong,  having  a  specific  gravity 
of  not  less  than  1.45.  Nitric  acid  of  this  strength  cannot  be 
obtained  in  the  market,  and  must  therefore  be  specially  pre- 
pared for  the  purpose.  This  is  done  by  careful  distillation 
from  sodium  nitrate  (Chili  saltpetre)  and  sulphuric  acid  (oil 
of  vitriol).  Another  and  perhaps  a  better  method  is  to  dis- 
til from  a  mixture  of  ordinary  commercial  nitric  acid  and 
sulphuric  acid  in  glass  retorts.  Stronger  nitric  acid  can  be 
thus  made,  but  with  more  trouble  and  expense. 

Before  it  is  used,  the  nitric  acid  is  mixed  with  twice  its 
weight  of  strong  sulphuric  acid  (oil  of  vitriol.)  The  sul- 
phuric acid  does  not  take  a  direct  part  in  the  production  of 
the  nitroglycerine,  but  takes  up  the  water  which  is  formed 
during  the  reaction,  thereby  preventing  the  dilution  of  "the 
nitric  acid. 

The  sulphuric  and  nitric  acids  mixed  in  the  proper  pro- 
portions (one  of  nitric  to  two  of  sulphuric)  are  placed  in  a 
large  stoneware  receiver,  from  which  the  mixture  can  be 
drawn  as  it  is  required. 

Manufacturing  Process.  —  The  operation  may  be  conven- 
iently divided  into  two  parts : 

1st.  The  conversion  of  glycerine  into  nitroglycerine. 

2d.    The  separation  and  washing  of  the  nitroglycerine. 

976.  Conversion  of  Glycerine  into  Nitro-  Glycerine. — The 
apparatus  is  shown  in  Fig.  280.  A,  A,  A,  A,  A,  A,  are 
wooden  troughs  placed  around  the  brick  chimney,  DD.  In 
these  troughs  are  the  earthen-ware  pitchers,  a,  a,  a,  a,  .  .  a, 
which  contain  the  acid  mixture.  On  the  shelf,  B,  above  the 
pitchers,  are  the  bottles,  5,  5,  b,  .  .  b,  which  contain  the 
glycerine.  The  bottles  are  loosely  closed  by  wooden  stop- 
pers with  broad  rounded  tops.  Through  holes  in  these  stop- 
pers pass  loosely  the  rubber  tubes,  c,  c,  c,  c,  which  reach  to 
the  bottom  of  the  bottles  and  carry  small  glass  jets  at  their 
outer  ends.  Conical  wooden  plugs,  e,  e,  e,  e,  are  placed  in 
the  holes  through  the  stoppers  alongside  the  rubber  tubes. 

The  steam-pipe,  G,  passes  along  the  shelves,  B,  B,  just 
behind  the  glycerine  bottles. 

The  air-main,  F,  passes  under  the  shelf,  B,  and  carries  on 
its  under  side  a  number  of  small  short  pipes  or  jets  (two 
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for  each  pitcher),  to  which  are  attached  the  rubber  tubes, 
d,  c?,  c?,  d,  which  hang  over  the  pitchers. 

In  these  rubber  tubes  are  inserted  glass  tubes,  long 
enough  to  extend  to  the  bottom  of  the  acid  pitchers. 

The  troughs  are  made  tight  to  hold  the  ice-water  with 
which  the  pitchers  are  surrounded.  Partitions,  with  open- 
ings at  the  bottoms,  cut  oif  the  corners  of  the  troughs  form- 
ing clear  spaces.  These  spaces  contain  water  only,  as  the 
partitions  keep  out  the  ice.  These  water  spaces  are  con- 
venient as  affording  opportunities  for  quickly  emptying  a 
pitcher  into  water  if  it  becomes  necessary.  In  one  corner 
of  each  trough  is  placed  a  pipe,  through  which  the  water 
may  be  drawn  off  into  the  escape,  E,  when  the  operation  is 
finished. 


FIG.  280. 


The  pitchers  stand  on  narrow  strips,  which  raise  them  off 
the  bottom  about  two  inches,  thus  giving  the  cold  water  free 
access  all  about  them,  and  when  in  position  are  well  under 
the  overhanging  hoods,  C,,  C2.  These  hoods  are  flat  wooden 
boxes,  wide  at  the  bottoms  and  drawn  in  at  the  tops,  where 
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they  fit  against  openings  in  the  chimney,  DD.  In  the 
lower  part  of  the  chimney,  on  the  floor  below,  is  placed  a 
grate  and  fire-door. 

Each  pitcher  receives  18  to  20  Ibs.  of  the  acid  mixture 
according  to  the  strength  of  the  latter.  All  are  then  set  in 
place  in  the  troughs,  covered  with  glass  plates,  surrounded 
with  ice  and  water,  and  allowed  to  stand  until  completely 
cooled.  Into  each  bottle  is  put  2  Ibs  of  glycerine. 

When  the  acid  in  the  pitchers  has  fallen  to  the  tempera- 
ture of  the  surrounding  ice-water,  the  covers  are  removed 
from  the  pitchers,  and  the  air-tubes  passed  through  holes 
in  the  hoods  down  into  them.  Through  these  air-tubes  a 
strong  current  of  air  is  forced  by  means  of  a  pump  driven  by 
steam.  This  current  of  air  keeps  the  contents  of  the  pitch- 
ers in  continual  agitation.  The  air  for  the  pump  is  drawn 
through  sulphuric  acid  to  render  it  perfectly  dry,  and  just 
before  it  enters  the  air-main  over  the  troughs  it  is  thor- 
oughly cooled.  The  cooling  arrangement  is  made  of  10 
coils  of  small  tin  pipe,  which  are  .surrounded  by  ice.  These 
coils  are  so  arranged  as  to  give  an  extensive  cooling  surface 
without  impeding  the  current. 

As  soon  as  the  air-current  has  been  turned  on,  the  flow  of 
glycerine  is  begun.  Each  rubber  tube,  <?,  is  a  siphon,  which 
is  started  by  suction  through  a  glass  tube  inserted  in  the 
outer  end.  As  soon  as  the  glycerine  runs  freely,  the  suction 
tube  is  withdrawn  and  a  fine-pointed  glass  jet  put  in  its 
place.  The  glycerine  runs  from  this  jet  in  a  fine  stream 
directly  into  the  pitcher  under  it.  In  cold  weather  the 
glycerine  may  become  too  thick  to  flow  easily.  To  over- 
come this  the  bottles  of  glycerine  are  warmed  by  passing 
steam  through  the  pipe  behind  them  until  the  glycerine  is 
sufficiently  thin. 

977.  The  glycerine  dropping  into  the  acid  mixture  is  rap- 
idly acted  on  and  converted  into  nitre-glycerine.  The  reac- 
tion may  be  indicated  by  the  equation  — 

C3H8O3    +    3  HNO3   =    C3H5N3O9   +    3  H2O 

Glycerine.          Nitric  acid.       Nitroglycerine.          Water. 

The  reaction  is  accompanied  by  a  considerable  evolution 
of  heat.  This  heat  must  be  removed,  for  if  the  temperature 
be  allowed  to  rise  too  high  the  glycerine  is  not  converted 
into  nitro-glycerine,  but  is  oxidized  or  burned,  with  forma- 
tion of  other  substances.  The  limits  of  temperature  are 
very  narrow.  Starting  at  32°,  the  temperature  must  not  be 
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allowed  to  exceed  48°,  and  at  50°,  55°,  there  is  great  danger 
of  "  firing  "  taking  place.  The  liquid  in  the  pitchers  is  kept 
cold  by  surrounding  them  with  ice-cold  water  and  by  the 
stream  of  cold  air  passing  into  the  acid.  The  most  impor- 
tant work  of  the  air-current  is  to  keep  the  acid  mixture 
in  constant  agitation.  In  this  way  the  heat  generated  is 
quickly  diffused  through  the  whole,  preventing  any  sudden 
local  rise  of  temperature. 

The  glycerine  is  much  lighter  than  the  acid  mixture,  and 
would  be  apt  to  collect  in  little  pools  above  it,  and  when 
these  were  broken  up  and  a  quantity  of  glycerine  suddenly 
brought  into  contact  with  the  acid,  the  action  would  be  so 
rapid  that  it  could  not  be  controlled. 

While  the  glycerine  is  running  into  the  pitchers,  observa- 
tions with  the  thermometer  are  constantly  made  of  the  tem- 
perature attained  in  them.  If  in  a  pitcher  the  temperature 
is  found  to  be  rising  too  rapidly  and  to  be  approaching  the 
higher  limit,  the  glycerine  is  evidently  running  in  too  fast, 
and  its  flow  must  be  checked,  which  is  done  by  pressing 
down  the  conical  wooden  plug  in  the  stopper  of  the  glycer- 
ine bottle.  This  plug  passes  through  the  same  opening  as 
the  rubber  glycerine  tube ;  therefore,  when  it  is  pressed 
down,  it  compresses  the  latter  so  that  less  liquid  can  pass 
through.  If  the  temperature  is  too  high  or  continues  to 
rise,  the  plug  is  forced  hard  down,  closing  the  glycerine  tube 
altogether.  The  flow  of  glycerine  being  checked  or  stopped, 
the  pitcher  rapidly  cools  down  again.  As  soon  as  the  ther- 
mometer shows  this  to  be  the  case,  the  plug  is  loosened  and 
the  flow  again  set  up.  Constant  care  is  therefore  necessary, 
but  the  operation  is  a  simple  one,  easily  learned  and  per- 
formed by  ordinary  workmen. 

If  the  limit  of  temperature  is  exceeded,  "  firing "  takes 
place,  indicated  by  the  copious  evolution  of  red,  nitrous 
fumes,  and  in  extreme  cases  by  flame.  Usually  when  this 
occurs  it  is  easily  controlled  by  stopping  the  glycerine 
stream  and  stirring  vigorously  the  contents  of  the  pitcher, 
but  if  it  is  violent  the  pitcher  must  be  emptied  as  quickly 
as  possible. 

During  the  operation  of  conversion,  acid  and  irritating 
fumes  are  given  off  in  large  quantities,  greatly  to  the  injury 
of  those  compelled  to  breathe  them.  In  the  apparatus  here 
described  these  are  entirely  removed  through  the  hoods  and 
chimney.  A  fire  in  the  grate  at  the  bottom  of  the  chim- 
ney causes  a  powerful  draught  in  the  hoods,  which  overhang 
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the  pitchers,  drawing  upwards  all  the  fumes  and  discharging 
them  into  the  open  air.  Generally  a  small  fire  at  first  is 
sufficient,  and  often  no  fire  is  necessary. 

978.  Separation  and  Washing  of  the  Nitro-glycerine.  —  As 
soon  as  all  the  glycerine  has  been  run  into  the  pitchers,  the 
conversion  is  complete,  but  the  nitroglycerine  has  to  be  sep- 
arated from  the  large  quantity  of  acid  still  remaining.  This 
acid  is  almost  entirely  sulphuric  acid,  very  nearly  all  the 
nitric  acid  having  been  used  up  in  the  reaction. 

The  nitroglycerine  is  partly  in  solution  and  partly  sus- 
pended in  the  heavy  acid  liquid.  On  diluting  the  acid  with 
water,  the  portion  in  solution  is  precipitated,  and  as  nitro- 
glycerine is  a  much  heavier  liquid  than  the  diluted  acid  the 
whole  of  it  settles  to  the  bottom. 


FIG.  281. 


Fig.  281  represents  the  separating  and  washing  apparatus. 
The  large  wooden  tub,  A,  is  sunk  in  the  floor  of  the  convert- 
ing-room. It  is  filled  about  three-fourths  with  water,  and  has 
a  cover  with  a  square  opening,  in  which  is  placed  a  leaden 
strainer.  By  means  of  a  rubber  hose  connected  with  an  air- 
pipe,  a  current  of  air  is  led  to  the  bottom  of  the  tub,  vigor- 
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ously  agitating  the  water  in  it.  The  pitchers  are  taken  from 
the  converting-apparatus,  and  their  contents  poured  through 
the  strainer  into  the  tub.  The  acid  liquid  descends  in  fine 
streams,  and  is  quickly  diffused  through  the  whole  body  of 
water. 

When  all  the  pitchers  have  been  emptied,  the  air-pipe  is 
withdrawn,  and  a  short  time  allowed  for  settling.  The  heav}r 
mtro-glycerine  collects  at  the  bottom  of  the  tub,  so  that  the 
lighter  acid-water  may  be  drawn  off  from  above  it.  A 
wooden  stop-cock,  5,  is  put  into  the  side  of  the  tub,  a  short 
distance  from  the  bottom,  but  above  the  level  of  mtro-glycer- 
ine. Through  this,  the  supernatant  acid  liquid  is  run  off 
and  led  by  a  rubber  hose  into  the  drain,  g.  The  tub  is 
placed  in  an  inclined  position,  and  in  the  lowest  part  of  the 
bottom  is  another  wooden  stop-cock,  b2.  Through  this  the 
mtro-glycerine  is  drawn  in  small  quantities  into  the  washing- 
tub,  B.  The  washing-tub  is  of  wood,  lined  with  lead,  and  is 
supported  by  trunnions  in  the  wooden  frame,  E.  The  trun- 
nions are  placed  just  above  the  middle,  so  that  the  tub  will 
stand  upright  and  yet  can  be  easily  turned  or  inverted. 

Directly  over  the  washing-tub  are  the  pipes,  d  and  e,  pro- 
vided with  valves  within  the  reach  of  the  operator  standing 
by  the  tub.  One  is  a  water-pipe,  and  there  is  attached  to  it 
a  short  piece  of  hose.  The  other  is  connected  with  the  air- 
main,  and  has  a  piece  of  hose  long  enough  to  reach  to  the 
bottom  of  the  washing-tub. 

A  portion  of  the  nitro-glycerme  in  the  large  tub,  A,  hav- 
ing been  drawn  into  the  tub,  B,  the  air-hose  is  put  in,  and  a 
stream  of  water  turned  on.  The  air-current  causes  strong 
ebullition,  raising  and  spreading  the  nitro-glycerme  through 
the  water.  As  soon  as  the  tub  is  full,  the  water  is  turned 
off  arid  the  air-hose  removed.  The  nitro-glycerine  rapidly 
settles  to  the  bottom  of  the  tub,  so  that  in  a  few  minutes 
the  water  above  it  may  be  poured  off  by  turning  the  tub  on 
its  trunnions. 

This  operation  is  repeated  until  the  nitro-glycerine  is 
thoroughly  washed,  when  it  is  poured  into  a  copper  pail,  and 
a  new  portion  taken  from  the  large  tub. 

When  the  wash-water  is  decanted  from  B,  it  falls  first 
into  the  tub,  C.  As  soon  as  this  tub  fills,  the  water  runs  off 
through  the  large  lead  pipe,  /,  which  descends  nearly  to  the 
bottom  of  c,  into  the  tight,  open  drain,  g.  In  this  tub  any 
nitro-glycerine  which  may  have  floated  or  been  accidentally 
poured  off  has  an  opportunity  to  settle,  and  is  saved. 
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When  all  the  nitroglycerine  has  been  sufficiently  washed, 
it  is  poured  into  earthen  jars,  and  allowed  to  stand,  covered 
with  water,  until  it  "  clears,"  when  it  is  ready  for  use. 

The  time  required  for  making  a  run  of  nitre-glycerine  is 
about  five  hours,  not  including  the  time  required  for  cool- 
ing the  pitchers,  which  will  of  course  be  different  at  different 
seasons.  The  quantity  made  in  this  apparatus,  when  all  the 
pitchers  (24)  are  in  use,  is  about  80  Ibs. 

979.  Composition  and  Properties.  —  Nitro-glycerine  is 
composed  of  carbon,  hydrogen,  nitrogen,  and  oxygen,  as 
indicated  by  the  symbol  C3H5N3O9. 

Theoretically,  according  to  the  equation,  Art.  977,  1  part 
of  glycerine  should  give  2.46  parts  of  nitro-glycerine.  In 
practice  we  get  1.6  to  1.75  parts.  This  difference  is  due 
partly  to  losses  in  operating,  and  partly  to  the  fact  that  the 
glycerine  used  is  not  anhydrous.  Still,  under  any  circum- 
stances, the  conversion  is  not  perfect.  t 

At  ordinary  temperatures  nitro-glycerine  is  an  oily  liquid, 
having  a  specific  gravity  of  1.6.  Freshly  made  it  is  creamy- 
white  and  opaque,  but  becomes  transparent  ("  clears  ")  and 
colorless,  or  nearly  so,  on  standing  for  a  sufficient  time  de- 
pending on  the  temperature. 

It  does  not  mix  with  and  is  unaffected  by  water.  It  has 
a  sweet,  pungent,  aromatic  taste,  and  produces  a  violent 
headache  if  placed  upon  the  tongue,  or  even  if  allowed  to 
touch  the  skin  at  any  point.  Those  constantly  using  it  soon 
lose  their  susceptibility  to  this  action. 

Freshly  made,  opaque,  nitro-glycerine  does  not,  freeze 
until  the  temperature  is  lowered  to  3°— 5°  below  0°  Fah.,  but 
the  transparent  or  cleared  nitro-glycerine  freezes  at  39°-40° 
F.  Nitro-glycerine  freezes  to  a  white  crystalline  mass. 
When  frozen  it  can  be  thawed  by  placing  the  vessel  contain- 
ing it  in  water  at  a  temperature  not  over  100°  Fah. 

Pure  nitro-glycerine  does  not  spontaneously  decompose 
at  any  ordinary  temperature ;  but  if  it  contains  free  acid,  de- 
composition is  apt  to  occur.  It  is,  therefore,  very  important 
that  all  acid  should  be  removed  by  thorough  washing  when 
it  is  made.  No  instance  has  yet  been  noticed  of  the  spon- 
taneous decomposition  of  properly  made  and  purified  nitro- 
glycerine. Pure  nitro-glycerine  is  not  sensitive  to  friction  or 
moderate  percussion.  If  placed  upon  an  anvil  and  struck 
with  a  hammer,  only  the  particle  receiving  the  blow  explodes, 
scattering  the  remainder.  Nitro-glycerine  in  a  state  of  de- 
composition becomes  very  sensitive,  exploding  violently 
when  struck,  even  when  unconfined. 
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It  must  be  noted  that  if  completely  confined  the  effect 
may  be  different,  since  from  its  liquid  form  it  is  nearly  in- 
compressible. In  the  above  case  local  explosion  only  occurs, 
because  the  hammer  is  lifted  and  the  rest  of  the  nitre-glycer- 
ine is  blown  away.  But  if  it  was  so  confined  that  there  was 
no  escape  for  the  effect  of  the  explosion  of  the  particle  first 
c.truck,  the  whole  mass  would  probably  be  fired. 

If  flame  is  applied  to  freely  exposed  nitroglycerine,  it 
burns  slowly  without  explosion. 

Firing-point.  —  The  firing-point  is  about  180°  C.  (356° 
F.).  It  begins  to  decompose  at  a  somewhat  lower  tempera- 
ture. 

980.  Mode  of  Firing.  —  Nitro-glycerine  is  usually  fired  by 
means  of  a  fuze  containing  fulminating  mercury.     By  such 
a  fuze  it  is  detonated,  producing  a  very  violent  explosion. 
Fired  with  a  fuze  charged  with  gunpowder  its  action  is  very 
uncertain  ;  sometimes  it  is  exploded  and  sometimes  it  is  not, 
but  when  so  exploded  its  explosive  force  is  much  less  than 
when  the  fulminate  is  vised. 

When  frozen,  nitro-glycerine  cannot  be  fired,  even  by 
large  charges  of  fulminate. 

981.  Storing  and  Transportation.  —  Nitro-glycerine  may 
be  conveniently  kept  in  large  earthen  jars,  with  a  layer  of 
water   over   the   explosive.     If  it  is  to   be  transported,  the 
liquid  form  is  very  inconvenient,  especially  from  the  danger 
of  leakage.     It  is  therefore  advisable  to  freeze  it,  and  carry 
it  in  the  frozen  state,  when  it  is  perfectly  safe.     For  trans- 
portation it  should  be  put  in  strong  tin  cans  holding  about 
45  or  50  Ibs.     Each  can  should  be  paraffined  on  the  inside, 
and  have  passing  vertically  through  its  centre  a  tin  tube,  so 
that  freezing  or  thawing  may  be  more  easily  accomplished. 

All  vessels  in  which  nitro-glycerine  has  been  kept  should 
be  destroyed  when  not  wanted  for  the  same  use,  as  the  nitro- 
glycerine cannot  be  easily  washed  off. 

982.  Use   and   Relative   Force.  —  Nitro-glycerine   is   the 
most  powerful  explosive  in  use.     In  difficult  blasting,  where 
very  violent  effects  are  required,  it  surpasses  all  others.     In 
spite  of  the  many  accidents  that  have  occurred  with   it,  it 
has  been  found  to  be  so  valuable  that  its  use  has  steadily 
and  largely  increased. 

Its  liquid  form  is  a  disadvantage  except  under  favorable 
circumstances,  as  when  made  at  the  place  where  it  is  to  be 
employed.  It,  however,  forms  the  essential  ingredient  in  a 
number  of  solid  mixtures.  When  used  in  blasting  or  similar 
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work  it  is  usually  put  in  tin  cans  or  cartridge-cases.  If  the 
bore-holes  are  tight,  it  may  be  poured  directly  in ;  but  it  is 
rarely  safe  to  do  this,  as  there  is  great  danger  that  some  of  it 
will  escape  through  seams  in  the  rock,  and  not  be  exploded, 
remaining  to  cause  accident  at  a  future  time. 

Since  nitro-glycerine  is  so  readily  detonated,  it  has  the 
advantage  of  not  requiring  strong  confinement.  Even  when 
freely  exposed  it  will  exert  violent  effects,  such  as  breaking 
masses  of  rock  or  blocks  of  iron.  So,  in  blasting,  it  requires 
but  little  tamping.  Loose  sand  or  water  is  entirely  sufficient. 

The  relative  force  of  nitro-glycerine  is  not  easily  esti- 
mated, since  the  effect  produced  depends  greatly  on  the  pir- 
cumstances.  Thus,  a  charge  of  nitro-glycerine  in  wet  sand 
or  any  soft  material  will  exercise  but  a  slight  effect,  while 
the  same  charge  will  shatter  many  tons  of  the  hardest  rock. 
In  the  former  case  much  more  sand  would  be  thrown  out  by 
a  slower  explosion,  which  would  gradually  move  it,  than  by 
the  sudden,  violent  shock  of  the  nitro-glycerine,  which  would 
only  compress  the  material  immediately  about  it.  But  in 
the  hard  rock  the  sudden  explosion  is  much  more  effective 
than  the  same  amount  of  force  more  slowly  applied.  Rough- 
ly, it  may  be  said  that  nitro-glycerine  is  eight  times  as  power- 
ful as  gunpowder,  weight  for  weight. 

983.  Products   of  Decomposition.  —  On    explosion    nitro- 
glycerine is  resolved  entirely  into  the  gases,  —  carbonic,  anhy- 
dride, water,  nitrogen,  and  oxygen  (Nobel),  the  last-named 
appearing   only  in    small    quantity.     If  explosion   is  imper- 
fectly accomplished,  oxides  of  nitrogen  are  formed,  and  the 
total  quantity  of  gas  is  lessened.     If  fully  exploded,  no  dis- 
agreeable or  poisonous  gases  are  given  off. 

984.  NITRO-GLYCEKINE    PEEPARATIONS.  --  The  explo- 
sive preparations  containing  nitro-glycerine  are  but  forms  in 
which   nitre-glycerine   itself    is   presented   for   use.      Their 
explosive  power  is  derived  from  the  nitro-glycerine  in  them ; 
so  that  they  are  not  explosive  mixtures  in  the  sense  in  which 
that  term  has  been  employed. 

In  all  of  them  nitro-glycerine  is  present  as  nitro-glycer- 
ine, but  it  is  mixed  with  some  absorbent  substance  or  vehicle. 
In  this  way  a  solid  or  semi-solid  substance  is  obtained,  which 
is  much  more  convenient  and  safer  to  use  than  the  liquid 
itself. 

985.  DYNAMITE.  —  In  dynamite  the  absorbent  is  usually 
a  natural  silicious  earth.     Deposits  of  this  silicious  earth  are 
found  in  many  places,  notably  in  Hanover.     From  the  Han- 
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over  earth  the  original  dynamite  was  made.  This  silicious 
earth,  or  "  kieselguhr,"  is  a  fine  white  powder  composed  of 
the  skeletons  of  microscopic  animals  (infusoria).  It  has  a 
high  absorptive  power,  being  capable  of  taking  up  from  two 
to  three  times  its  weight  of  nitro-glycerine  without  becoming 
pasty. 

Artificially  prepared  silica  has  been  used  with  good  re- 
sults. This  silica  is  prepared  by  precipitating  it  from  a  solu- 
tion of  sodium  silicate  (water-glass)  by  sulphuric  acid, 
washing  and  drying.  Its  absorbent  power  is  a  little  less 
than  that  of  the  natural  earth,  but  it  retains  the  nitro-glycer- 
ine very  well. 

The  process  of  making  dynamite  is  very  simple.  The 
nitro-glycerine  is  mixed  with  the  dry,  fine  powder  in  a  lead- 
en vessel  with  wooden  spatulas. 

Dynamite  has  a  brown  color,  and  resembles  in  appear- 
ance moist  brown  sugar.  It  usually  contains  from  60  to  75 
per  cent,  of  nitro-glycerine.  In  this  country  dynamite  is  made 
and  sold  under  the  name  of  giant  powder. 

The  explosive  properties  of  dynamite  are  those  of  the 
nitro-glycerine  contained  in  it,  as  the  absorbent  is  an  inert 
body.  It  freezes  at  the  same  temperature  as  its  nitro-glycer- 
ine to  a  white  mass.  If  solidly  'frozen,  it  cannot  be  fired ; 
but  if  loose  and  pulverulent,  it  can  be  exploded,  although 
with  diminished  violence.  It  can  be  thawed  by  placing  the 
vessel  containing  it  in  hot  water. 

The  keeping  qualities  of  dynamite  are  those  of  the  nitro- 
glycerine it  is  made  from.  It  is  safer,  because  it  avoids 
the  liquid  condition,  and  from  its  softness  it  will  bear 
blows  much  better.  Exudation  must  be  guarded  against. 
Therefore  it  must  not  contain  too  much  nitro-glycerine,  espe- 
cially if  it  is  liable  to  be  exposed  to  comparatively  high  tem- 
peratures, which  tend  to  make  the  nitro-glycerine  more  fluid, 
and  consequently  less  easily  retained. 

The  firing-point  of  dynamite  is  the  same  as  its  nitro-gly- 
cerine. If  flame  is  applied  to  it,  it  takes  fire  and  burns  with 
a  strong  flame,  leaving  a  residue  of  silica.  It  is  not  sensitive 
to  friction  or  moderate  percussion. 

986.  Mode  of  Firing.  —  Dynamite  is  fired  by  a  fulminate 
fuze.     Gunpowder  will  fire  it,  but  not  with  certainty;    and 
the  effect  obtained  is  much  less  than  when  a  stronger  agent 
is  employed. 

987.  Use  and  Relative  Force.  —  Dynamite  is  the  best  of 
the  nitro-glycerine  preparations,  and  is  indeed  the  best  form 
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in.  which  nitroglycerine  can  be  used.  It  has  earned  a  good 
reputation  for  safety,  in  spite  of  the  horror  usually  excited 
by  nitre-glycerine  or  any  thing  connected  with  it.  Dynamite 
will  probably  be  more  extensively  manufactured  and  used 
than  any  of  the  other  violent  explosives.  It  contains  more 
of  the  explosive  agent  than  the  other  nitro-glycerine  prep- 
arations, and  is  therefore  stronger.  Safer  than  the  liquid 
nitro-glycerine,  from  its  mechanical  condition,  it  is  not  com- 
plicated by  the  admixture  of  substances  which  may  exercise 
injurious  effects. 

It  is  used  for  blasting  and  other  purposes,  instead  of  nitro- 
glycerine. It  may  be  put  directly  into  the  bore-holes,  but  it 
is  generally  more  convenient  to  employ  it  in  paper  cartridges. 
It  is  now  extensively  employed  in  mining  and  quarrying  with 
excellent  results,  and  its  use  is  constantly  increasing.  Much 
more  effective  than  powder,  it  is  practically  safer,  since  it  is 
not  liable  to  explosion  by  sparks  or  flames.  Carelessness  is 
therefore  less  likely  to  be  followed  by  accident.  For  military 
purposes,  also,  it  is  largely  employed. 

The  explosive  force  of  dynamite  is,  of  course,  that  of  the 
nitro-glycerine  contained  in  it.  If  it  contains  75  per  cent, 
its  comparative  force  may  then  be  approximately  stated  at  six 
times  that  of  gunpowder. 

988.  DYNAMITE  No.  2.  —  Dynamite  proper  contains  only 
nitroglycerine  and  the  silicious  absorbent.  Mixtures  con- 
taining other  substances  are  sometimes  included  under  the 
same  name.  The  true  dynamite  is  often  called  "  Dynamite 
No.  1,"  and  the  others  "  Dynamite  No.  2,"  or  receive  fanciful 
names.  All  these  mixtures  contain  less  nitro-glycerine  than 
the  No.  1,  so  that  they  cost  less  per  pound,  but  of  course 
they  are  proportionately  less  powerful.  Possibly  they  may 
sometimes  be  of  use. 

The  following  are  varieties  of  No.  2  dynamite  made  in 
England : 


Per  cent. 


Nitrate  of  soda 69.00 

Paraffin 07.00 

Charcoal  or  coal-dust.  04.00 

Nitro-glycerine 20.00 


100.00 


Per  cent. 


Nitrate  of  potash  ....  71.00 

Paraffin 01.00 

Charcoal 10.00 

Nitro-glycerine 18.00 


100.00 


It  is  hard  to  see  any  advantage  in  these  mixtures  except 
that  they  are  cheaper,  and  might  be  applied  to  uses  where' 


442          NAVAL  ORDNANCE  AND  GUNNERY. 

the  great  violence  of  the  larger  amount  of  nitro-glycerine 
is  not  needed,  and  yet  a  sharper  explosive  than  powder  is 
wanted.  It  is  improbable  that  any  useful  effect  is  obtained 
from  any  other  ingredient  than  the  nitro-glycerine.  Those 
containing  deliquescent  salts  (nitrate  of  soda,  for  example) 
are  objectionable  from  their  liability  to  exudation.  All  of 
them  will  be  injured  by  Avater,  which  dissolves  the  salts 
which  are  the  principal  ingredients. 

It  is  easy  to  see  that  the  number  of  such  mixtures  that 
might  be  made  is  very  great,  for  almost  any  dry  salt  or  pow- 
der may  be  taken  as  an  absorbent.  No  special  value  would 
attach  to  any  of  them.  The  only  requisites  would  be  that 
the  absorbents  should  not  exert  any  injurious  action,  and 
that  no  more  nitro-glycerine  should  be  present  than  could  be 
perfectly  retained  at  the  highest  temperature  that  would 
probably  be  experienced. 

Many  of  these  mixtures  have  been  proposed  and  made, 
but  it  is  undesirable  to  touch  upon  more  than  a  few  of  the 
most  prominent,  which  will  serve  as  examples. 

989.  LITHOFRACTEUR  is  a  mixture  which  has  the  compo- 
sition (Trauzl)  — 

Nitro-glycerine 52.10  per  cent. 

Kieslguhr 30.00 

Coal 12.00 

'Soda-saltpetre 4.00 

Sulphur 2.00 


100.00 

Sometimes,  instead  of  the  sodium  nitrate,  the  potassium 
'or  barium  salt  is  used,  and  variations  made  in  the  quantity 
of  nitro-glycerine  contained  in  it.  Like  all  the  nitro-glycer- 
ine preparations,  it  has  no  necessarily  definite  composition, 
being  merely  a  mixture  made  according  to  the  caprice  of  the 
manufacturers. 

This  preparation  is  made  by  Krebs  Bros.  &  Co.  in  Co- 
logne, and  has  been  used  to  some  extent  in  Europe.  It  is 
claimed  by  the  makers  that  the  other  substances  (coal,  salt- 
petre, and  sulphur)  mixed  with  the  nitro-glycerine  increase 
the  quantity  of  gas  delivered,  and,  therefore,  the  explosive 
force.  This  is  not,  however,  correct.  Nitro-glycerine  is  so 
sudden  in  its  explosion  that  nothing  can  be  added  to  it  from 
.the  slower  burning  of  any  of  the  other  combustible  ingre- 
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dients,  which  are  present  in  comparatively  small  amount  and 
in  bad  proportions.  Neither  does  the  presence  of  these  sub- 
stances add  any  thing  to  the  safety  of  the  mixture.  They 
tend  to  lower  its  firing-point,  and  render  it  more  easily  ex- 
ploded. 

Lithofracteur  must  be  regarded  as  inferior  to  dynamite 
proper,  especially  for  military  purposes.  It  is  much  more 
liable  to  exudation. 

The  mixtures  known  as  giant  powder  No.  2,  rendrock,  etc., 
and  those  already  spoken  of  under  the  head  of  dynamite 
No.  2,  are  somewhat  similar  to  lithofracteur. 

990.  DUALIN  is  a  mixture  made  by  Carl  Dittmar,  a  Prus- 
sian, of  nitro-glycerine,  sawdust  and  saltpetre,  in  about  the 
proportions  — 

Nitro-glycerine 50  per  cent. 

Fine  sawdust 30         " 

Saltpetre 20 


100          (Trauzl.) 

This  preparation  is  also  inferior  to  dynamite.  The  saw- 
dust and  saltpetre  have  much  less  absorptive  power  than  the 
silicious  earth,  and  retain  the  nitro-glycerine  comparatively 
feebly.  Its  firing-point  is  said  to  be  considerably  lower  than 
that  of  dynamite  No.  1.  Also,  its  lower  specific  gravity  is  a 
drawback. 

991.  GUN-COTTON.—  Composition  and  Formation.— 
Gun-cotton  has  the  composition  indicated  by  the  symbol 
C6H7(NO2)3O5,  or  C6H7N3OU,  and  is  formed  by  the  action 
of  concentrated  nitric  acid  on  cotton.  The  reaction  consists 
in  the  substitution  of  nitrogen  and  oxygen  in  feeble  combi- 
nation for  part  of  the  hydrogen  in  the  cotton  or  cellulose, 
and  is  therefore  similar  to  the  one  by  which  nitro-glycerine 
is  produced.  The  equation  illustrating  the  reaction  may  be 
thus  written : 

C6H1005  +  3  HN03  =  CfiH7(N02)  A  +  3  H2O 

Cotton  or          Nitric  acid.          Nitro-cellulose  or  Water, 

cellulose.  gun-cotton. 

A  number  of  these  substitution  products  are  known,  but 
only  one  is  used  as  an  explosive  agent.  Some  of  the  others 
are  largely  employed  for  making  collodion. 

Cotton  is  the  purest  form  of  cellulose ;  but  the  latter  is 
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the  principal  part  of  the  ligneous  fibre  of  plants,  so  that 
similar  products  may  be  obtained  from  other  vegetable  fibres. 

The  process  of  making  gun-cotton  consists  essentially  in 
exposing  the  dry  cotton  for  a  sufficiently  long  time  to  the 
action  of  a  mixture  of  the  strongest  nitric  acid  with  sul- 
phuric acid,  and  in  thoroughly  washing  the  gun-cotton  thus 
prepared  to  remove  the  excess  of  acid.  In  this  reaction  also 
the  duty  of  the  sulphuric  acid  is  to  take  up  the  water,  which 
is  a  secondary  product. 

The  fibres  of  cotton  are  long  flattened  tubes,  often  twisted 
and  knotted.  To  insure  complete  conversion,  therefore,  con- 
siderable time  must  be  allowed  for  the  acid  to  fully  pene- 
trate, and  very  great  pains  is  necessary  to  wasli  out  the  re- 
maining acid.  Thorough  washing  is,  however,  difficult.  If 
any  acid  is  left  in  the  gun-cotton,  spontaneous  decomposition 
may  ensue,  resulting  in  explosion. 

Gun-cotton  has  been  known  for  a  long  time,  and  many 
attempts  have  been  made  to  manufacture  and  use  it,  but 
until  recently  without  success.  Accidents,  which  could  only 
be  referred  to  spontaneous  decomposition,  cast  doubts  upon 
its  safety  and  permanency.  The  trouble  lay  in  the  imperfect 
purification  of  the  gun-cotton.  By  the  method  of  Abel  a 
very  perfect  washing  is  obtained ;  and,  in  addition,  the  ma- 
terial is  prepared  in  a  form  convenient  to  use  and  yet  per- 
fectly safe. 

The  essential  features  of  Abel's  process  are  the  reduction 
of  the  wet  gun-cotton  to  a  fine  pulp,  which  can  be  easily 
washed,  and  the  compression  of  this  pulp  into  convenient 
shapes.  This  product  evidently  cannot  be  used  for  certain 
purposes  for  which  the  fibre  is  required,  such  as  in  gunnery. 
This  is  not  of  importance,  as  gun-cotton  is  no  longer  so  ap- 
plied. For  other  military  applications,  such  as  demolitions, 
torpedoes,  etc.,  the  pulped  and  compressed  gun-cotton  is  an 
admirable  agent,  and  is  the  only  form  of  this  explosive  now 
used  to  any  extent. 

The  following  method  of  preparing  long-stapled  gun- 
cotton  has  been  employed  with  very  good  results  on  the 
small  scale  : 

992.  PROCESS  OF  MAKING  GUN-COTTON  FROM  THE 
FIBRE.  —  Good  raw  cotton  or  carded  cotton  is  used.  In 
either  case  it  is  treated  with  a  weak  solution  of  sodium  car- 
bonate, which  removes  a  small  quantity  of  resin  from  the 
raw  cotton,  or  oil  from  the  carded.  The  purified  cotton  is 
washed  and  carefully  dried.  The  acids  arc  the  strongest 
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nitric  acid,  specially  prepared  for  this  purpose,  and  sulphuric 
acid  (oil  of  vitriol).  They  are  mixed  in  the  proportions  of 
three  parts  by  weight  of  sulphuric  acid  to  one  of  the  nitric. 

A  considerable  quantity  of  the  acid  mixture  is  placed  in 
a  leaden  pan,  and  a  little  dry  cotton  immersed  in  it.  When 
thoroughly  saturated,  the  cotton  is  lifted  by  an  iron  fork  and 
placed  upon  a  perforated  iron  shelf,  which  hangs  in  the  pans. 
As  much  as  possible  of  the  acid  is  removed  by  pressing.  It 
is  then  placed  in  an  earthen  jar.  A  quantity  of  fresh  acid, 
sufficient  to  replace  that  removed  in  the  cotton,  is  then  added 
to  the  dipping  pan  and  a  new  portion  of  cotton  put  in. 
When  the  earthen  jar  is  half  full  of  the  dipped  cotton,  fresh 
acid  is  poured  into  it  until  the  cotton  is  covered,  and  it  is 
set  away  in  a  cool  place  for  forty-eight  hours.  The  greater 
part  of  the  conversion  takes  place  during  the  dipping ;  but, 
in  order  that  it  should  be  complete,  it  is  necessary  that  the 
cotton  should  remain  in  contact  with  strong  acid  for  a  long 
time. 

The  gun-cotton  is  then  taken  from  the  jars  and  passed 
between  a  pair  of  rolls  (covered  with  rubber,  or  better, 
lead)  held  together  by  strings,  which  are  supported  in  a 
frame  over  a  trough.  Almost  all  the  excess  of  acid  is  thus 
removed. 

The  gun-cotton  is  next  thrown  in  a  tub  of  water,  and 
vigorously  stirred  about. 

It  remains  to  remove  all  traces  of  acid  by  washing.  This 
is  done  by  passing  the  gun-cotton  through  a  clothes-wringer 
a  number  of  times.  The  clothes-wringer  is  so  mounted  that 
the  water  pressed  out  is  led  away,  and  the  squeezed  gun- 
cotton  falls  into  fresh  water.  In  this  way  a  more  thorough 
purification  is  obtained  in  a  short  time  than  by  the  ordinary 
method  of  very  long  exposure  to  the  action  of  running  water. 

993.  ABEL'S  PROCESS.  —  Materials.  —  Cotton  waste  is  the 
form  of  cotton  used.  It  is  picked  and  cleaned,  thoroughly 
dried  at  160°  F.,  and  allowed  to  cool. 

The  acids  are  the  strongest  nitric  and  sulphuric  acids, 
mixed  in  the  proportion  of  one  part  of  the  former  to  three 
of  the  latter  by  weight.  They  are  mixed  in  large  quantities, 
and  stored  in  cast-iron  receiving  tanks. 

Treatment  with  Acid.  —  Cotton  in  1  Ib.  charges  is  immersed 
in  the  acid  mixture,  which  is  contained  in  a  trough  sur- 
rounded with  cold  water.  After  a  short  exposure  to  the 
action  of  the  acid,  the  cotton  is  taken  up,  placed  upon  a  per- 
forated shelf,  and  as  much  as  possible  of  the  acid  squeezed 
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out  from  it.  It  is  then  put  into  jars,  covered  with  fresh 
acid,  and  the  jars  placed  in  cold  water,  where  they  remain 
for  24  hours. 

Removal  of  Acid.  —  The  gun-cotton  from  the  jars  is 
thrown  into  a  centrifugal  strainer,  which  expels  from  it 
nearly  all  of  the  acid.  It  is  then  diffused  quickly  in  small 
quantities  through  a  large  volume  of  water,  and  again  passed 
through  a  centrifugal  machine. 

Pulpiny  and  Washing.  —  Thorough  washing  is  necessary 
to  remove  the  traces  of  acid  still  adhering  to  the  gun-cotton. 
The  washing  is  expedited  and  rendered  complete  by  the 
operation  of  pulping.  The  pulping  is  performed  in  pulping 
engines  or  beaters.  A  beater  is  an  oblong  tub  in  which  is 
placed  a  revolving  wheel  carrying  strips  of  steel  on  its  cir- 
cumference. From  the  bottom,  under  the  wheel,  project 
similar  steel  strips.  By  the  rotation  of  the  wheel,  the  gun- 
cotton  suspended  in  water  circulates  around  the  tub,  and  is 
drawn  between  the  two  sets  of  steel  projections,  which  reduce 
it  to  a  pulp.  The  bottom  is  movable,  so  that  the  space 
through  which  the  gun-cotton  must  pass  may  be  contracted 
as  the  operation  goes  on. 

When  the  pulping  is  complete,  the  contents  are  run  into 
the  poachers  for  the  final  washing.  A  poacher  is  a  large 
oblong  wooden  tub.  At  the  middle  of  one  side  is  placed  a 
wooden  paddle-wheel,  which  extends  half-way  across  the 
tub.  In  the  poacher  the  pulp  is  stirred  for  a  long  time  with 
a  large  quantity  of  water.  The  revolution  of  the  wheel 
keeps  up  a  constant  circulation,  and  care  is  taken  that  no 
deposit  occurs  in  any  part  of  the  tub. 

994.  Preparation  of  the  Gun-cotton  Pulp  for  Use.  —  In 
the  previous  operations  the  cotton  has  been  converted  into 
gun-cotton,  and  the  gun-cotton  reduced  to  a  pulp  and  thor- 
oughly washed.  The  pulp  is  next  to  be  separated  from  the 
large  volume  of  water  in  which  it  is  suspended,  and  com- 
pressed into  cakes  or  disks.  This  is  accomplished  in  two 
presses.  The  first  press  has  thirty-six  hollow  cylinders,  in 
which  perforated  plungers  work  upwards.  The  plungers 
having  been  drawn  down,  the  cylinders  are  filled  with  the 
mixture  of  pulp  and  water,  and  their  tops  covered  with  a 
weight.  The  plungers  are  then  forced  up  by  hydraulic 
power.  The  pulp  is  compressed,  the  water  escaping  through 
the  perforations  in  the  plungers. 

In  the  second  press,  the  cylindrical  masses  of  gun-cotton 
from  the  first  press  are  more  highly  compressed,  a  pressure 
of  6  tons  to  the  inch  being  applied. 
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About  6  per  cent,  of  water  remains  in  the  cakes,  which 
can  be  removed  by  drying. 

995.  Properties  and  Modes  of  Firing.  —  The  conversion 
of  cotton   into   gun-cotton    causes  very  little  change  in  its 
appearance.     The  latter  is  somewhat  harsher  to  the  touch 
than  the  former. 

Gun-cotton  is  insoluble  in  and  unaffected  by  water.  If 
flame  is  applied  to  dry  loose  gun-cotton,  it  flashes  up  without 
explosion.  Dry  compressed  gun-cotton  burns  rapidly  but 
quietly  when  ignited  by  a  flame.  Moist  compressed  gun- 
cotton  under  the  same  circumstances  burns  away  slowly. 

Even  if  a  considerable  quantity  of  gun -cotton  is  inflamed, 
it  will  burn  away  without  explosion ;  but  if  the  quantity  is 
too  great,  the  explosion  of  a  part  will  be  produced.  In  such 
cases  the  outer  portion  confines  the  inner  sufficiently  to  cause 
its  explosion. 

Dry,  unconfined  gun-cotton  can  be  violently  exploded  by 
a  small  amount  of  fulminating  mercury.  Even  in  the  com- 
pressed wet  state,  gun-cotton  can  be  exploded,  but  to  accom- 
plish this  it  is  necessary  to  apply  the  shock  from  the  explo- 
sion of  a  small  amount  of  the  dry. 

For  firing  wet  compressed  gun-cotton,  a  "  primer  "  is  used, 
which  is  a  cake  of  the  dry,  to  which  is  attached  a  fulminate 
fuze. 

This  primer  must  be  enclosed  in  a  water-proof  bag  or  box. 
It  is  claimed  that  complete  explosion  of  large  charges  of  wet 
gun-cotton  can  be  brought  about  in  this  way,  but  there  is 
some  doubt  on  this  point. 

The  firing-point  of  gun-cotton  is  about  360°  F.  (182°  C.). 
Gun-cotton  is  not  sensitive  to  friction  or  percussion.  Imper- 
fectly converted  or  badly  washed  gun-cotton  is  liable  to 
spontaneous  decomposition,  which  may  result  in  explosion  if 
the  conditions  are  favorable,  The  pulped  and  compressed 
form  is  free  from  such  danger ;  for  since  it  can  be  fired  wet, 
there  is  no  need  of  ever  drying  it:  so  it  may  be  kept  and 
used  saturated  with  water. 

996.  Storage,  Handling  and  Transportation.  —  Compressed 
gun-cotton  is  stored  in  the  wet  state.     Care  must  be  taken 
that  it  is  not  exposed  to  a  temperature  that  will  freeze  the 
water  in  the  cakes.     If  this  occurs,  they  are  liable  to  be  dis- 
integrated  by  the  expansion  of  the  water  in  freezing.     In 
cold  climates  it  is  therefore  advisable  to  store  gun-cotton  in 
pits  below  the  reach  of  frost. 

For  convenience  in  handling,  gun-cotton   is   made    into, 
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disks  of  various  dimensions,  or  it  may  be  pressed  into  slabs 
or  blocks,  which  may  be  sawed,  drilled,  or  cut  as  desired. 

The  transportation  of  gun-cotton  presents  no  special 
difficulties,  since  there  is  no  danger  of  leakage,  neither  is  it 
sensitive  to  blows. 

997.  Use  and  Relative  Force.  — As   already  stated,  the 
use  of  gun-cotton  in  gunnery  has  been  given  up.     The  com- 
pressed  gun-cotton    is   not   adapted   to   such    use,    but    the 
violence  of  its  explosion,  when  fired  by  a  detonator,  makes  it 
of  value  in  torpedoes  and  military  engineering.     For  these 
purposes  it  is  largely  employed  in  England.     Professor  Abel 
also  proposes  to  use  it  in  shells,  and  some  recent  experiments 
seem  to  indicate  that  this  may  be   done   to  advantage.     A 
very  small  charge  will  break  up  a  shell  much  more  completely 
than  a  much  larger  amount  of  powder.     Experiments  were 
tried  with  16-pounder  shells,  filled  with   water,  and  fuzed 
with  an  ordinary  percussion-fuze,  to  which  was  attached  a 
small  cylinder  containing  £  oz.  to  1  oz.  of  dry  compressed 
gun-cotton  and  the  fulminate  necessary  to  detonate  it.     This 
arrangement  was  very  successful,  the  shell  breaking  up  well. 

For  blasting  purposes  gun-cotton  has  not  come  into  exten- 
sive use.  It  is  more  troublesome  to  handle  and  fire  than  the 
more  effective  djaiamite,  and  has  no  advantage  over  it. 

The  relative  force  of  gun-cotton  as  compared  with  gun- 
powder is  variously  given  as  4  or  6  to  1.  The  lower  figure  is 
probably  nearly  right,  at  any  rate  for  wet  gun-cotton. 

998.  Products    of  Decomposition.  —  On    explosion    gun- 
cotton  is  almost  entirely  converted  into  gases,  only  a  trifling 
residue  being  left.     The  gases  formed  are  carbonic  acid,  car- 
bonic oxide,  water  (converted  into  steam  by  the  heat  of  the 
reaction),     nitrogen,    and    a    small    amount   of  marsh   gas 
(Karolyi). 

The  combustion  is  not  so  complete  as  when  nitro-gly- 
cerine  is  fired.  The  latter  contains  more  than  oxygen 
enough  to  oxidize  all  its  carbon  and  hydrogen  to  carbonic 
acid  and  water,  while  the  quantity  in  gun-cotton  is  insuf- 
ficient to  do  this,  and  a  considerable  proportion  of  carbonic 
oxide  is  formed.  This  does  not  much  affect  the  amount  of 
gas  formed,  but  the  heat  evolved  is  considerably  less  than  if 
the  oxidation  of  the  carbon  was  more  complete. 

999.  GUN-COTTON  PREPARATIONS.  —  Nitrated  Grun-cotton. 
—  This  is  made  by  soaking  the  compressed  gun-cotton  in  a 
saturated  solution  of  saltpetre  (potassium  nitrate)  and  drying. 

Chlorated  Gun-cotton.  —  This  is  similarly  made,  using 
potassium  chlorate  instead  of  nitrate. 
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Some  advantage  might  be  gained  by  mixing  with  gun- 
cotton  substances  that  would  furnish  oxygen,  since,  as  already 
stated,  it  does  not  contain  enough  for  complete  oxidation. 
The  two  preparations  mentioned  might  therefore  be  service- 
able. But  since  it  has  been  discovered  that  wet  gun-cotton 
can  be  exploded,  this  form  is  used  in  preference  to  all  others. 

1000.  THE  PICRATES.  —  General  Composition  and  Prop- 
erties.—  The  picrates  are  salts  of  picric  acid.     Picric  or  trini- 
trophenic  acid  is  a  nitre-substitution  product,  formed  by  the 
action  of  nitric  acid  on  carbolic  acid  (phenol,  C6H6O). 

Three  substitution  products  may  be  derived  from  this 
action,  but  only  one,  picric  acid,  possesses  any  marked  explo- 
sive properties. 

Picric  acid  has  the  composition  indicated  by  its  symbol  — 
C6H3(NO2)3O,  or  C6H3N3O7.  Picric  acid  is  found  in  com- 
merce, being  used  to  dye  silk  and  wool  yellow.  If  the 
acid  is  heated,  it  takes  fire  and  burns  sharply  and  rapidly 
without  explosion.  The  picrates  are  all  exploded  with  more 
or  less  violence  by  heat  or  blows.  When  used  as  explosive 
agents  they  are  mixed  with  potassium  nitrate  (saltpetre)  or 
potassium  chlorate. 

A  large  number  of  picrates  are  known,  but  the  potassium 
and  ammonium  salts  are  the  only  ones  that  have  been  much 
used  in  explosive  preparations. 

1001.  Potassium  Picrate.     C6H2KN3O7. —  Most  violently 
explosive    of  the    picrates.     Potassium    picrate    and   potas- 
sium chlorate  form  a  mixture    nearly  as  powerful  as  nitro- 
glycerine, but   it  is    so  sensitive   to   friction  or    percussion 
as  to  render  it  practically  useless.     With  potassium   nitrate 
instead  of  chlorate  a  less  violent  mixture  is  obtained,  but  one 
still  too  liable  to  accidental  explosion. 

1002.  Ammonium   Picrate.     C6H,(NH4)N3O7.  — This  salt 
has  been   proposed  by  Abel   as  an  ingredient   of  a   powder 
for  bursting  charges  of  shells.     The  properties  of  ammonium 
picrate  are  very  different  from  those  of  the  potassium  salt. 
If  flame  is  applied  to  the  former,  it  burns  quietly,  with  a 
strong,   smoky  flame.     If    heated,   it    melts,   sublimes,   and 
burns  without  explosion.     It  is  almost  entirely  unaffected  by 
blows    or   friction.     This   salt    mixed  with    saltpetre    forms 
Abel's    picric   powder    (Brugere's    powder).      Experiments 
with  this  powder  in  England  indicate  that  it  possesses  some 
advantages  when  used  in  shells.     A  number  of  shells  charged 
with  it  were    fired  from  guns  of  different  calibre  without 
accidents.     It  is  more   powerful  than  gunpowder  and  less 
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violent  than  nitre-glycerine  and  gun-cotton.  It  is  insensitive 
to  ordinary  means  of  ignition.  If  flame  is  applied  to  it,  the 
particles  touched  burn,  but  the  combustion  does  not  readily 
extend  to  the  others.  Blows  or  friction  do  not  explode  it. 
It  must  be  confined  in  order  to  develop  its  explosive  force. 
It  does  not  absorb  moisture  from  the  air,  so  that  it  may  be 
stored  and  handled  like  gunpowder,  and  is  at  least  equally 
safe  and  permanent. 

It  is  prepared  for  use  by  the  usual  gunpowder  processes 
of  incorporation,  —  pressing,  granulation,  etc. ;  so  that  it  has 
the  same  form  and  may  be  handled  in  the  same  way. 

It  may  therefore  be  a  good  substitute  for  powder  when 
a  more  violent  explosive  is  wanted  and  neither  gun-cotton 
nor  nitro-glycerine  are  available.  The  mixture  contains  46 
parts  of  saltpetre  and  54  parts  of  the  picrate. 

The  picrate  is  prepared  from  picric  acid  and  ammonia. 
The  picric  acid  is  dissolved  in  water,  and  ammonia  added  to 
neutralization.  Another  charge  of  picric  acid  is  then  dis- 
solved in  the  same  liquid,  and  ammonia  again  added.  This 
is  repeated  several  times,  and  the  liquid  allowed  to  stand  for 
some  time,  when  the  ammonium  picrate  cystallizes  out  in 
large  quantities.  The  mother  liquor  is  drawn  off,  the  crys- 
talline deposit  drained  and  dried.  The  mother  liquor  may 
be  used  for  the  preparation  of  successive  lots  of  the  ammo- 
nium salt  until  it  becomes  charged  with  impurities,  when  it 
may  be  otherwise  treated  or  thrown  away.  In  this  way  u 
considerable  amount  of  the  salt  can  be  expeditiously  pre- 
pared with  little  labor  and  without  much  loss.  The  work- 
ing of  the  mixture  is,  of  course,  to  be  done  at  a  powder-mill. 

1003.  THE   FULMINATES   are   salts  of  fulminic   acid  - 
C2NaN2O2.     The  mercury  salt  is  the  only  one  of  practical 
value.     All  of  them  are  easily  exploded,  and  some  are  ex- 
'cessively  sensitive.      Their  explosions  are  very  sharp  from 
the  extreme  rapidity  of  their  decomposition ;  but  from   the 
small  amount  of  gas  given  off,  the  force  exercised  is  not  very 
great.     The  explosive  effect  obtained  is  of  a  local  character. 

1004.  Composition  and  Formation.  —  Fulminating  mercury 
has   the    composition   indicated   by  the    symbol    C2HgN2O2. 
It  is  formed  by  the  action  of  mercuric  nitrate  and  nitric  acid 
upon  alcohol.     The  best  mode  of  preparing  it  is  as  follows  : 

Dissolve  1  part  of  mercury  in  12  parts  of  nitric  acid,  sp. 
gr.  1.3,  and  pour  this  solution  into  11  parts  of  alcohol,  85  per 
cent.  A  number  of  methods  are  given  by  various  authors, 
but  this  is  the  best.  Theoretically,  1  part  of  mercury  should 
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yield  1.42  parts  of  fulminate,  but  in  practice  a  less  amount  is 
produced.  Place  the  vessel  containing  the  mixture  in  hot 
water  until  it  darkens  and  becomes  turbid  and  begins  to 
evolve  dense  white  fumes.  It  is  then  removed  from  the 
water.  The  reaction  goes  on,  with  strong  effervescence  and 
copious  evolution  of  dense  white  ethereal  vapors.  If  red 
fumes  appear,  cold  alcohol  should  be  added  to  check  the 
violence  of  the  action.  The  operation  should  be  performed 
at  a  distance  from  a  fire  or  flame  and  in  a  strong  draught,  so 
that  the  vapors  will  be  carried  away.  When  the  liquid  clears 
and  the  dense  white  fumes  are  no  longer  given  off,  further 
action  is  stopped  by  filling  up  with  cold  water. 

The  fulminate  settles  to  the  bottom  of  the  vessel  as  a 
gray  crystalline  precipitate.  The  supernatant  liquid  is  then 
poured  off,  and  the  fulminate  washed  several  times  by  decan- 
tation  or  upon  a  filter. 

1005.  Properties  and  Uses.  —  Dry  fulminating  mercury 
explodes  violently  when  forcibly  struck,  when  heated  to  186° 
C.  (367°  F.),  when  touched  with  strong  sulphuric  acid  or 
nitric  acid,  by  sparks  from  flint  and  steel  or  the  electric 
spark. 

When  wet  it  is  inexplosive.  It  is  therefore  always  kept 
wet,  and  dried  in  small  amounts  when  wanted  for  use. 

Its  explosive  force  is  not  much  greater  than  that  of  gun- 
powder, but  it  is  much  more  sudden  in  its  action. 

The  readiness  with  which  it  may  be  fired  makes  it  an 
excellent  means  of  causing  the  explosion  of  other  substances, 
and  it  is  for  this  purpose  only  that  it  is  used.  It  finds  many 
applications — either  pure  or  mixed  with  other  bodies  —  in 
percussion-powder,  percussion-caps,  primer,  fuzes,  detonators, 
etc.  It  presents  many  advantages  for  this  use.  It  is  of  spe- 
cial importance  for  the  peculiar  power  it  possesses  of  causing 
the  violent  explosions  called  detonations  (Art.  969).  It  is, 
therefore,  a  requisite  for  exploding  nitro-glycerine,  gun-cot- 
ton, and  their  preparations. 

Detonators  or  detonating  fuzes  are  charged  with  pure  ful- 
minating mercury,  — 15  to  25  grains  in  each.  Fifteen  grains 
is  sufficient  for  nitro-glycerine  or  its  preparations ;  25  grains 
is  used  with  compressed  gun-cotton.  In  detonating  fuses 
the  fulminate  should  be  contained  in  a  copper  cap  or  case, 
and  must  not  be  loose.  Charging  should  be  done  with  wet 
fulminate,  as  it  is  very  dangerous  to  handle  it  when  dry. 

Properly  made  fulminate  fuzes  are  perfectly  safe,  but  un- 
less care  is  taken  in  making  them  they  may  be  dangerous. 
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Section  III.  —  Explosive  Mixtures. 

1006.  EXPLOSIVE  MIXTURES.  — As  has  been  already 
remarked,  an  explosive  mixture  has  two  essential  ingredi- 
ents. One  is  a  substance  which  is  readily  combustible,  and 
the  other,  one  containing  a  large  amount  of  oxygen,  which 
it  will  easily  give  up.  The  combustible  substance  in  almost 
all  cases  is  carbon,  with  which  is  usually  associated  hydrogen. 
Occasionally  other  oxidizable  bodies,  such  as  sulphur,  are 
also  used,  but  carbon  is  the  most  important  element.  It  is 
largely  employed  in  the  form  of  charcoal,  which  is  nearly 
pure  carbon,  but  evidently  any  organic  substance  containing 
it  in  large  proportion  will  serve  nearly  as  well.  In  all  cases 
the  action  is  the  same.  The  carbon  is  oxidized  to  carbonic 
acid  gas  and  the  hydrogen  to  water,  with  great  evolution  of 
heat.  The  number  of  combustible  substances  that  may  be 
used  in  this  way  is  very  great,  but  all  of  them  play  the  same 
part  in  the  mixtures. 

The  substance  in  an  explosive  mixture  which  is  to  supply 
the  oxygen  must  be  one  containing  that  element  in  large 
amount,  in  such  a  condition  that  it  can  easily  be  released, 
and  it  must  be  one  which  will  not  act  directly  on  the  other 
substance  or  substances  present. 

The  nitrates  and  chlorates  are  powerful  oxidizing  agents, 
and  are  almost  invariably  used  in  explosive  mixtures.  There 
is  a  great  difference  in  the  readiness  with  which  these  two 
kinds  of  salts  give  up  their  oxygen,  and,  consequently,  they 
form  different  classes  of  explosive  mixtures.  We  may,  there- 
fore, divide  the  usual  explosive  mixtures  into  two  divisions : 

1st.  Those  containing  nitrates ;  and 

2d.  Those  containing  chlorates. 

1007.  THE  NITKATE  CLASS.  —  In  the  nitrates  the  oxy- 
gen is  held  with  considerable  force,  so  that  a  strong  external 
influence  is  required  to  separate  it.  In  general,  then,  the 
mixtures  made  from  the  nitrates  are  not  very  easily  exploded, 
and  their  action  is,  comparatively  speaking,  moderate.  Com- 
pared with  those  of  the  second  class,  they  are  not  sensitive 
to  friction  or  percussion.  Any  of  the  nitrates  may  be  used 
in  explosive  mixtures,  but,  practically,  potassium  nitrate 
(saltpetre)  is  the  only  one  employed  to  any  extent.  With 
sulphur  and  charcoal,  it  makes  up  the  numerous  composi- 
tions, of  which  gunpowder  is  the  most  important.  Occasion- 
ally sodium  nitrate  '(Chili  saltpetre)  is  used  instead  of  the 
potassium  salt,  but  its  tendency  to  deliquesce  makes  it  much 
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inferior.  Gunpowder  may  be  considered  as  the  representa- 
tive of  the  nitrate  class,  and  its  well-known  explosive  prop- 
erties may  be  taken  as  those  of  all  belonging  to  the  class. 

Picric  powder  (already  described)  belongs  to  this  class. 
Sawdust  powder,  or  Schultze's  white  gunpowder,  contains 
saltpetre.  It  is  made  by  converting  purified  sawdust  into  a 
nitro-cellulose  (resembling  gun-cotton),  and  mixing  this 
with  the  nitrate.  It  is  said  to  work  well  in  small  arms. 

1008.  THE  CHLORATE  CLASS.  —  Chlorate  mixtures  are 
very  sensitive  to  friction  and  percussion,  and  they  explode 
with  great  sharpness. 

The  potassium  salt  is  the  only  one  of  the  chlorates  which 
is  employed  in  these  mixtures.  Very  many  chlorate  mixtures 
have  been  made,  but  none  of  them  are  of  much  value.  Of 
many  of  them  it  may  be  said  that  they  are  so  liable  to  acci- 
dental explosion  that  they  are  unfit  for  use. 

The  following  are  examples  of  chlorate  mixtures : 

Potassium  chlorate  with  rosin. 
Potassium  chlorate  with  galls  (Horsely's  powder). 
Potassium  chlorate  with  gambier  (Oriental  powder). 
Potassium  chlorate  with  sugar  (used  in  chemical  fuzes). 
Potassium  chlorate  with  potassium  ferrocyanide  (White  or 

German  gunpowder). 

Potassium  chlorate  with  tannin  (Erhardt's  powder). 
Potassium  chlorate  with  sulphur  (Pertuiset  powder,  used  in 

explosive  bullets). 

Potassium  chlorate  is  the  basis  of  many  fuze  mixtures, 
some  of  which  are  used  to  a  certain  extent. 

1009.  INGREDIENTS     OF     GUNPOWDER .*  —  The 
ingredients   for  the   manufacture   of  gunpowder  should   be 
supplied  in  the  rough  state,  and  refined  and  prepared  for  use 
at  the  factory,  in  order  to  insure  as  far  as  possible  uniformity 
of  results  in  manufacture  and  safety  in  carrying  it  on. 

It  is  manifestly  useless  to  attempt  to  obtain  powder  pos- 
sessing uniform  qualities  unless  measures  are  taken  to  insure 
the  uniform  purity  of  its  constituent  elements ;  and  although 
presence  of  chemical  impurities  may  be  readily  detected  in 
samples  of  refined  saltpetre  and  sulphur  supplied  by  con- 
tract, and  though  it  might  be  possible  to  devise  a  series  of 
practical  tests  for  the  various  physical  qualities  by  purchase, 
there  can  be  no  guaranty  for  the  purity  of  the  former  and 

*  Smith. 
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uniformity  of  the  latter  equal  to  that  of  careful  supervision 
during  the  actual  processes  of  preparation  and  refining. 

A  manufacturer  who  refines  his  own  saltpetre  and  sul- 
phur, and  burns  his  own  charcoal,  has  means  of  insuring  the 
purity  and  uniformity  of  the  ingredients  of  which  he  makes 
use,  far  superior  to  that  of  any  system  of  testing,  however 
careful. 

The  additional  security  against  accidents  in  the  course  of 
manufacture,  gained  by  careful  exclusion  of  all  foreign  mat- 
ter from  the  ingredients  during  the  processes  of  refining,  is 
of  even  greater  consequence  in  the  manufacture  of  gun- 
powder. The  question,  how  far  the  too  frequent  explosions 
in  powder-factories  are  dependent  on  the  presence  of  minute 
particles  of  foreign  bodies  introduced  into  the  ingredients 
after  refining  and  before  they  come  into  the  hands  of  the 
mixer,  has  not  received  the  attention  which  it  deserves.  But 
it  is  too  often  found  that  though  care  be  taken  to  exclude 
any  fragments  of  sand,  grit,  etc.,  from  the  powder  from  the 
time  it  leaves  the  mixing-house  till  the  time  that  it  is  fin- 
ished, the  same  vigilance  is  not  exercised  in  excluding  min- 
ute particles  of  foreign  substances  from  the  unmixed  ingre- 
dients, by  which  negligence  the  subsequent  precaution  is 
altogether  thrown  away. 

Those  engaged  in  removing  saltpetre  from  the  refinery 
to  the  mixing-house  should  be  scrupulously  careful  not  to 
step  into  the  bins  where  it  is  stored  without  putting  on  clean 
magazine-shoes,  and  should  not  make  use  of  any  shovels, 
barrels,  etc.,  but  those  kept  specially  clean  and  free  from 
grit  for  the  purpose ;  and  the  same  precautions  should  be 
taken  in  handling  sulphur  and  charcoal,  the  latter  of  which 
should  be  picked  over  by  hand,  piece  by  piece,  before  being 
ground,  and  after  that  treated  with  the  same  care  as  the 
other  ingredients.  If  precautions  to  avoid  accidents  are 
worth  taking  at  all,  they  must,  to  be  effectual,  be  commenced 
whenever  the  ingredients  are  taken  in  hand,  and  maintained 
to  the  end  of  the  manufacture. 

1010.  REFINING  SALTPETRE.  —  The  principle  on  ivhich 
the  process  depends,  is  that  saltpetre  is  greatly  more  soluble 
in  hot  than  in  cold  water,  while  the  impurities  generally 
found  in  it  do  not  present  the  same  disparity  in  their  solubil- 
ity at  different  temperatures.  Thus  a  saturated  cold  solu- 
tion of  crude  saltpetre  will,  as  its  temperature  is  raised,  take 
up  a  much  greater  additional  quantity  of  saltpetre  propor- 
tionately than  it  will  of  the  other  salts  present.  Hence,  if  a 
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boiling  saturated  solution  of  the  impure  salt  be  made  and 
allowed  to  cool,  it  will  deposit  the  excess  of  saltpetre  and 
retain  the  other  salts  in  solution.  Boiling  water  will  take 
up  39.61  parts  of  chloride  of  sodium,  and  about  240  of  salt- 
petre. Water  at  the  temperature  of  70°  will  take  up  about 
36  of  the  former  and  about  32  of  the  latter.  Consequently, 
if  a  boiling  solution  saturated  with  saltpetre  and.  chloride  of 
sodium  be  cooled  to  70°,  it  will  deposit  about  208  parts 
of  the  former  to  about  3.6  of  the  latter. 

All,  therefore,  that  has  to  be  done  in  refining  saltpetre  is 
to  make  a  concentrated  solution  of  this  crude  material  at  a 
high  temperature,  to  run  the  solution  into  flat  troughs,  to 
keep  it  in  constant  agitation  as  it  cools  down,  and  then 
to  remove  from  it  the  saltpetre  as  it  crystallizes  out  of  the 
mother  liquor. 

1011.  DESCRIPTION  OF  THE  REFINING  PROCESS.  —  Solu- 
tion.—  About  two  tons  of  crude  saltpetre  are  pressed  in  a 
large  open  copper  pan  capable  of  holding  about  500  gallons 
of  water,  and   about  270  gallons  of  water  are  added  to  it. 
This  is  generally  done  over  night,  and  the  fires  are  lighted 
under  the    copper  early  the    following  morning.     Over  the 
bottom  of  each  pan  is  placed  a  false  bottom  of  iron  perforat- 
ed with  holes  of  an  inch  in  diameter,  to  allow  the  sand  and 
insoluble   impurities    to    fall  to  the  bottom.     In  about  two 
hours  the  whole  of  the  saltpetre  will  be  found  to  be  dissolved 
and  the  solution  boiling,  and  the  specific  gravity  of  the  solu- 
tion being  about  1.49,  it  reaches  the  temperature  of  230°  F. 
The  false    bottoms   are  pulled  out  just  before  the  solution 
begins  to  boil,  and  the  scum,  containing  the  greater  part  of 
organic  impurities,  is  removed  from  the  surface.     The  solu- 
tion is  allowed  to  boil  for  about  half  an  hour  longer,  until  no 
more  scum  rises  to  the  surface  ;  the  copper  is  then  filled  up 
with  cold  water,  and  the  solution  again  boiled  briskly  for  a 
few  minutes,  after  which  it  is  allowed  to  cool  down  to  become 
of  a  proper  temperature  for  being  pumped  into  coolers. 

1012.  Filtering.  —  The  filtering  process  is  almost  always 
used  when  refining  saltpetre  for  gunpowder-making,  but  is 
sometimes  omitted  when  refining  for  other  purposes.     In  the 
latter  case  the  solution  is  made  of  extra  strength  and  conse- 
quently denser,  and  the  cooler  being  placed  below  the  level 
of  the  coppers,  the  solution  is  run  directly  into  it  through  a 
pipe,  the  orifice  of  which  in  the  copper  is  placed  at  a  certain 
height  above  the  bottom,  to  prevent  the  sediment  running 
out  with  the  clear  liquor.     But  filtering  affords  a  much  more 
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certain  plan  of  obtaining  a  clear  liquor  for  crystallization, 
and  presents  little  difficulty  and  causes  very  little  loss  of 
time. 

When  the  temperature  of  the  solution  has  fallen  to  220° 
F.,  with  a  specific  gravity  of  about  1.53,  it  is  ready  for 
pumping  into  the  filters.  When  the  solution  has  arrived  at 
the  proper  temperature  for  the  process,  a  common  hand-pump 
is  lowered  into  the  copper,  and  the  solution  is  pumped  into  a 
wooden  trough  leading  to  another  larger  one,  termed  the 
supply-trough,  furnished  with,  six  holes  in  the  bottom,  be- 
neath which  the  filtering-bags  are  suspended.  Wooden 
plugs  are  provided  for  these  holes  in  the  bottom  of  the 
supply-trough,  so  that  if  the  bags  become  clogged  the  flow 
of  solution  may  be  stopped  till  they  are  replaced  by  clean 
ones. 

The  bags  are  suspended  on  iron  hooks  underneath  the 
holes  in  the  supply-trough.  They  are  always  rinsed  with  hot 
water  before  the  filtering  commences,  and  require  occasion- 
ally a  little  poured  over  them  to  prevent  the  formation  of 
crystals  during  the  process,  which  would  clog  the  canvas, 
and  prevent  the  solution  running. 

Occasionally  a  solution  is  found  to  contain  so  much  or- 
ganic impurity,  that  it  will  not  run  through  the  filters.  In 
this  case  a  little  glue  (about  1  Ib.  to  2  tons  of  saltpetre)  is 
added  to  the  solution  in  the  copper,  which  has  the  effect  of 
throwing  up  a  great  part  of  the  impurity  as  a  scum,  which 
can  be  removed  before  the  liquor  is  pumped  out. 

The  filtering  of  a  copperful  of  liquor  of  the  strength 
described  (Art.  1011),  takes  about  three-quarters  of  an  hour. 
As  soon  as  it  is  all  removed  from  the  copper,  the  pumps, 
which  are  suspended  overhead  on  a  small  pulley,  are  pulled 
up,  and  the  coppers,  if  necessary,  cleaned  out.  The  sedi- 
ment, consisting  principally  of  sand  in  the  proportion  of 
about  ^  per  cent,  of  the  crude,  is  washed,  and  the  washing 
reserved  for  evaporation.  A  wooden  trough  placed  directly 
underneath  the  filtering-bags  receives  the  solution  as  it  runs 
from  them,  and  conducts  it  directly  into  the  cooler.  When 
all  the  solution  is  filtered,  the  bags  are  rinsed  with  hot  water 
into  the  evaporating-pots,  and  then  washed  and  hung  up  to 
dry. 

1013.  Crystallization.  —  The  cooler,  or  crystallizing  cis- 
tern, is  a  large,  shallow,  flat  trough  of  sheet  copper,  being 
about  12  feet  long,  7  feet  wide,  and  1  foot  deep.  By  the 
time  the  solution  runs  into  it,  the  temperature  will  have 
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fallen  to  between  190°  and  180°  F.  As  the  temperature 
continues  to  fall,  the  excess  of  saltpetre  crystallizes  out, 
leaving,  of  course,  a  considerable  quantity  still  in  solution, 
and  along  with  it  the  chemical  impurities  of  the  crude  salt, 
the  chlorides  and  sulphates. 

If  the  solution  were  left  to  crystallize  without  agitation, 
the  salt  would  be  deposited  in  the  form  of  large  crystals, 
each  of  which  would  enclose  a  small  quantity  of  this  impure 
mother  liquor.  To  prevent  this,  the  liquor  in  the  coolers 
must  be  kept  in  constant  agitation,  to  cause  it  to  deposit  the 
salt  in  the  form  of  flour,  or  minute  crystals.  This  is  effected 
by  a  workman  who,  for  the  first  hour  or  so,  until  the  temper- 
ature of  the  liquor  falls  to  about  90°,  keeps  it  constantly 
'stirred  by  means  of  a  large  wooden  hoe,  with  which  also  the 
flour  is  drawn  to  the  side  of  the  cooler,  to  be  shovelled  out 
with  a  copper  shovel.  As  it  is  removed,  it  is  first  thrown 
into  an  inclined  board  or  drainer,  to  allow  the  excess  of 
liquor  to  run  back  into  the  cooler.  It  remains  on  the  drainer 
for  some  minutes,  after  which  it  is  transferred  to  the  washing- 
vat. 

When  the  liquor  falls  in  temperature  to  about  90°  F.,  the 
agitation  is  discontinued,  because  the  crystals  are  deposited 
much  more  slowly,  so  that  the  cost  of  labor  would  be  consid- 
erably increased.  The  crystals  which  are  deposited  at  a 
temperature  below  this  also  contain  a  much  larger  quantity 
of  mother  liquor.  About  three-quarters  of  the  entire  quan- 
tity of  saltpetre  is  removed  from  the  solution  if  the  agitation 
be  stopped  at  90°  F. 

The  crystallizing  process  may  be  very  materially  hastened 
by  artificial  cooling.  In  some  refineries,  where  a  good  fall 
of  water  can  be  obtained,  a  stream  of  cold  water  is  made  to 
run  under  the  bottom  of  the  cooler.  This  reduces  its  tem- 
perature very  rapidly,  and  causes  the  flour  to  be  deposited 
with  less  loss  of  time. 

The  mother  liquor  is  left  to  cool  down  after  a  proper 
amount  of  flour  has  been  removed  from  it.  As  soon  as  its 
temperature  approaches  that  of  the  atmosphere,  large  crys- 
tals are  deposited  in  the  cooler.  The  liquor  (still,  of  course, 
a  saturated  solution  containing  all  the  original  soluble  im- 
purities) is  run  off  and  reserved  for  subsequent  evaporation. 
The  crystals  are  scraped  off  and  transferred  to  the  refinery 
copper  with  the  next  charge  of  crude  salt. 

The  following  is  an  analysis  of  a  sample  of  the  salts  left 
in  solution  in  the  liquor : 
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Saltpetre 77.40 

Chi.  sodium 18.51 

Sulphate  of  soda 3.39 


99.30 

—  which  should  be  compared  with  the  analysis  of  the  crude 
salt. 

1014.  WASHING.  —  The  washing-vat,  to  which  the  salt- 
petre flour  is  transferred,  is  of  wood,  about  6  feet  long,  4 
wide,  and    3J    deep.     It   is   provided   with   a   false   bottom 
pierced  with  small  holes,  underneath  which  is  a   plug-hole 
which  can  be  closed  or  opened  as  required.     In  this  vat  the 
saltpetre  receives  three  washings,  the   first  being   given   at 
once,  as  soon  as  it  is  raked  from  the  strainers  into  the  vat,  to 
remove  the    excess   of  mother   liquor   still    adhering   to   it. 
About  70  gallons   of  water  are   run   through  the  vat,  and, 
escaping  from  the  plug-hole  underneath  the  false  bottom,  are 
conducted  into  an  underground  tank.     The  second  washing 
is  done  by  covering  the  crystals  with  water,  and  allowing  it 
to  stand  for  half  an  hour  (the  plug  being   in),   and   then 
allowing  it  to  run  off  into  a  second  underground  tank.     The 
crystals  are    allowed   to  drain   for   half  an   hour  after  this 
wsshing.     The  third  washing  is  given  by  running  about  100 
gallons  of  water  through  the  crystals,  as  in  the  first  wash- 
ing, the  plug-holes  remaining  open. 

The  water  from  the  third  washing  runs  into  the  tank 
which  receives  the  second,  the  contents  of  which,  being  com- 
paratively free  of  impurities,  are  used  in  the  refining  coppers. 
The  water  from  the  first  washing  is  only  used  in  the  evapo- 
rating pots.  It  is  of  course  most  important  that  the  purest 
water  should  be  used  for  these  washings.  Distilled  water 
should,  if  possible,  be  alone  employed.  The  washings,  as 
they  run  off,  are  saturated  solutions  of  saltpetre ;  but  they 
take  up,  in  passing  through  the  salt,  any  traces  of  chlorides 
remaining  in  it. 

1015.  TESTS.  —  Supposing  all  the  foregoing  operations  to 
have  been  properly  carried  on,  the  saltpetre  will  be  found 
to  be  perfectly  pure.     Should  it  be  deemed  necessary  to  test 
it  for  impurities,  it  should  be  subjected  to  the  following.     A 
solution  should  be  tested  : 

1.  With  blue  and  red  litmus-paper  for  the  presence  of  an 
acid  or  alkali. 

2.  With  a  solution  of  nitrate  of  silver  for  the  presence 
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of  chlorides,  which  would  throw  down  the  insoluble  chloride 
of  silver. 

3.  With  a  solution  of  chloride  of  barium  for  the  presence 
of  sulphates,  which  would  give    the   insoluble    sulphate    of 
baryta. 

4.  With    a   little    oxalate   of  ammonia   for   lime,   which 
would  give  oxalate  of  lime. 

In  the  ordinary  practice  of  a  refinery  the  second  test,  viz., 
that  for  chlorides,  more  especially  the  chloride  of  sodium,  is 
the  only  one  ever  used. 

The  saltpetre  is  transferred  to  the  store-bins  generally 
the  day  after  it  is  refined.  In  removing  it  from  the  washing- 
vat,  about  six  inches  deep  at  the  bottom  is  left,  as  it  contains 
a  great  deal  of  water.  After  remaining  in  the  bins  three  or 
four  days,  it  will  be  found  to  contain  from  three  to  five  per 
cent  moisture,  according  to  the  season.  It  remains  in  the 
bins  till  required  for  use  in  the  mixing-house,  the  saltpetre 
used  for  powder-making  being  always  used  moist. 

1016.  Drying.  —  Should  a  supply  of  refined  saltpetre  be 
required  for  storage  or  transport,  the  salt  is  generally  dried 
before  being  placed  in  barrels.     This  is  done  in  a  hot-cham- 
ber, —  a  small  room  with  a  stone   floor,  underneath  which 
runs  a  flue,  and  provided  with  racks   inside,  on  which  are 
placed  the  flat  copper  trays  containing  the  saltpetre. 

The  hot-chamber  is  capable  of  containing  two  or  three 
tons  of  saltpetre ;  and  the  temperature  is  generally  raised  to 
about  220°  F.,  which  dries  it  completely  in  from  four  to  six 
hours.  The  salt  is  covered  in  a  flat  tray,  placed  outside  the 
store  before  being  barrelled  up. 

1017.  EXTRACTION    OF    SALTPETRE    FROM    DAMAGED 
POWDER.  —  The  extraction  of  saltpetre  from  powder-sweep- 
ings, a  considerable  quantity  of  which  accumulates  in  the 
course  of  manufacture,  and  from  powder  which  may  have 
been  accidentally  wetted  or  damaged  by  long  storage  in  damp 
magazines,  forms  a  part  of  the  ordinary  nature  of  duties  in  a 
refinery  of  saltpetre.     Copper  pans  are  used  for  stirring  the 
sweepings,  and  any  damaged  powder  which  may  be  sent  to 
the  factory  is  also  placed  in  pans.     As  a  precaution,  the  con- 
tents of  each  pan  are  carefully  and  thoroughly  melted,  and 
the  supply  is  not  allowed  to  become  dry  by  evaporation. 

The  Operation.  —  About  240  gallons  of  water  are  pumped 
into  a  copper  of  400  gallons  capacity,  and  brought  nearly  to 
the  boiling-point.  Pure  water  must  be  used  for  the  first 
day's  operation,  but  afterwards  the  liquors  obtained  in  filter- 


460          NAVAL  ORDNANCE  AND  GUNNERY. 

ing  the  previous  day's  work.  About  900  bbls.  of  the  dam- 
aged powder  are  then  thrown  in,  care  being  exercised  that  it 
is  thoroughly  wetted  throughout  before  being  brought  into 
the  extracting-house.  The  mixture  is  stirred  and  boiled  for 
three-quarters  of  an  hour,  after  which  the  fire  is  damped, 
and  the  solution  ladled  into  filters  of  coarse  sheeting.  From 
the  first  series  of  filters  the  solution  passes  to  a  second  row, 
through  which  it  passes  clear  into  a  tank.  From  the  tank 
it  is  subsequently  pumped  into  the  evaporating-pots,  and 
boiled  down.  The  saltpetre  being  of  course  pure,  the  boiling 
is  merely  to  drive  off  a  certain  quantity  of  water.  When 
sufficiently  reduced,  it  is  again  filtered  and  crystallized  in 
small  copper  pans.  The  crystals  obtained  are  used  as 
crude  saltpetre.  The  carbon  and  sulphur  obtained  are 
thrown  on  the  waste-heap,  being  of  no  value. 

The  whole  process  of  extraction  is  dirty  and  troublesome, 
and  the  expediency  of  carrying  it  on  to  any  great  extent 
depends  on  the  price  of  saltpetre  at  the  time,  and  the  price 
which  can  be  obtained  in  the  market  for  damaged  powder. 
Powder-sweepings  should  of  course  always  be  extracted,  as 
they  are  liable  to  contain  particles  of  foreign  substances; 
but,  provided  powder  be  merely  old  and  dusty,  it  may  still 
be  well  adapted  for  blasting  operations,  arid  may  command  a 
•  y>  good  price. 

r  About  94  per  cent,  of  the  saltpetre  contained  in  powder 

can  always  be  obtained  by  extraction,  against  the  value  of 
which  must  be  set  off  the  cost  of  the  men's  wages  employed 
in  the  process,  the  amount  of  fuel  expended,  etc. 

1018.  SULPHUR.  —  The  sulphur  used  in  gunpowder- 
making  is  imported  from  Sicily.  The  finest  quality  is  alone 
employed.  As  imported,  the  sulphur  contains  from  three  to 
four  per  cent,  of  earthly  impurities,  having  already  under- 
gone a  rough  purification  by  distillation  before  it  comes  into 
the  merchant's  hands.  It  is  finally  and  carefully  purified  at 
the  factories  by  a  second  distillation. 

The  substance  exists  in  several  distinct  conditions  or 
forms,  two  of  which  require  special  notice,  viz.,  the  soluble, 
or  electro-negative  form,  and  the  insoluble,  or  electro-posi- 
tive. Distilled  sulphur  consists  almost  entirely  of  the  for- 
mer. Sublimed  sulphur  contains  a  large  proportion  of  the 
latter.  Distilled  sulphur,  as  used  in  the  manufacture  of  gun- 
powder, consists  of  masses  of  clear  yellow  crystals  in  the  form 
of  rhombic-octahedra,  and  is  readily  soluble  in  bisulphide  of 
carbon.  Sublimed  sulphur,  known  as  flowers  of  sulphur,  is  a 
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pale-yellow  powder,  composed  of  minute  particles  which  do 
not  present  a  crystalline  structure,  but  which  are  merely 
minute  granules  consisting  of  insoluble  sulphur,  enclosing  a 
small  portion  of  the  soluble  variety.  This  latter  form  of  sul- 
phur is  to  a  great  extent  insoluble  in  the  bisulphide. 

1019.  Description  of  Refining-apparatus.  —  The  apparatus 
employed  consists  of  a  large  pot  of  cast-iron,  A  (Fig.  282),  set 
in  brick-work,  the  metal  being  very  thick.  Round  the  top 
edge  ILJ  shrunk  a  strong  ring  or  tire  of  wrought-iron  to  pre- 
vent splitting  by  explosion.  On  the  top  is  fitted  a  large 
dome-shaped  cover,  also  of  cast-iron,  secured  to  the  pot  by 
three  wrought-iron  tie-rods,  which  are  secured  by  screw-bolts 
to  a  wrought-iron  ring  passing  round  the  neck  of  the  cover. 


FIG.  282.  —  Ground  Plan  of  Sulphur-refining  Apparatus. 


A.  Melting-pot. 

B.  Pipe  with  Water-jacket  leading  to  C. 


The  Receiving-pot. 

Pipe  leading  to  Sublimins-dome. 


At  the  top  of  the  cover  is  a  circular  opening  fitted  with  a 
heavy  cast-iron  lid,  the  weight  of  which  is  sufficient  to  keep 
it  in  its  place  during  the  refining  process.  In  this  lid  is  an 
iron  plug-hole  having  considerable  taper,  through  which  the 
pot  is  charged.  The  cast-iron  plug  which  closes  it  fits  suffi- 
ciently tight  to  prevent  escape  of  sulphur-vapor,  particularly 
if  a  little  sand  be  thrown  over  it ;  but  at  the  same  time  it 
acts  as  a  safety-valve,  being  lifted  out  if  an  unusual  pressure 
of  vapor  is  exerted  inside  the  pot. 

From  the  dome-shaped  cover  two  pipes  proceed  at  right 
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angles  to  each  other,  one  to  the  subliming-dome,  the  other  to 
the  distilling-tank,  or  receiving-pot.  The  first  pipe  is  fur- 
nished with  a  throttle-valve  (Fig.  283),  D,  which  can  bo 
closed  or  opened  by  a  handle  from  without.  The  other  pipe 
is  incased  in  a  water-jacket,  and  can  also  be  closed  or  opened 
by  means  of  a  valve.  When  distilling,  a  constant  flow  of 
water  is  maintained  through  the  water-jacket  (Fig.  282). 
An  escape-pipe  fitted  to  this  jacket  allows  of  the  escape  of 
water  when  there  is  a  sudden  development  of  steam  caused 
by  the  heat  of  the  sulphur  vapor. 

The  receiving-pot,  C,  is  merely  a  large  circular  vessel  of 
cast-iron,  which  is  set  on  a  frame  inserted  in  small  trucks,  to 
allow  of  a  slight  movement  when  the  pipe  which  connects  it 
with  the  melting-pot  becomes  expanded  and  lengthened  by 


FIG.  283.  —  Sulphur-refining  Pot  and  Dome. 

the  heat  of  the  sulphur  vapor  passing  through  it.  There  is 
a  large  circular  opening  in  the  lid  through  which  the  melted 
sulphur  can  be  ladled  out  when  necessary.  This  opening  is 
closed  by  an  iron  lid  similar  to  that  of  the  melting-pot,  in 
which  is  also  a  small  plug-hole  through  which  the  depth  of 
melted  sulphur  in  the  receiving-pot  can  be  gauged  with  an 
iron  rod.  A  small  pipe  leads  from  another  opening  in  the 
lid  of  the  receiving-pot  into  a  square  wooden  chamber  lined 
with  lead  to  receive  any  new  condensed  vapor,  and  saves  it 
to  deposit  its  sulphur  in  the  form  of  flowers.  This  chamber 
is  provided  with  a  tall  chimney,  also  of  wood,  containing  a 
series  of  steps  or  traps  to  catch  as  much  of  the  flowers  as 
possible. 
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The  subliming-dome  is  a  large  dome-shaped  building  of 
brick,  E  (Fig.  283).  The  pipe  for  the  sulphur-pot  enters  it 
near  the  top.  The  chamber  is  lined  with  flag-stones,  and  the 
floor  is  covered  with  sheet-lead.  It  is  provided  with  two 
doors,  an  inner  one  of  iron,  an  outer  one  of  wood  lined  with 
sheet-lead,  both  close  fitting,  through  which  passes  a  pipe  to 
allow  the  escape  of  air.  This  pipe  terminates  in  a  vessel  of 
cold  water. 

1020.  Process  of  Refining.  —  If  distillation  alone  is  to  be 
carried  on,  about  5£  cwt.  of  crude  sulphur  are  placed  in  the 
pot  each  morning.  An  extra  hundred-weight  must  be  put 


FIG.  284.  —  Sulphur-refining  Apparatus.     Section  through  Pipe  leading  to 

Receiving-pot. 

in  if  both  distillation  and  subliming  are  to  be  carried  on  to- 
gether. The  fire  being  lighted,  the  conical  cast-iron  plug  is 
left  out  of  the  hole  in  the  lid  of  the  pot,  the  passage  into  the 
dome  is  opened,  and  that  into  the  receiving-pot  closed.  The 
heat  is  maintained  for  three  hours  till  the  sulphur  is  of  a 
proper  temperature  for  distillation.  The  vapor  which  first 
rises  from  the  pot  is  of  a  pale  yellow  color,  and  as  much  of  it 
as  passes  into  the  dome  falls  down  condensed  as  flowers  of 
sulphur.  But  at  the  end  of  three  hours  the  vapor  becomes 
of  a  deep  reddish-brown  color,  showing  that  the  temperature 
of  the  melted  sulphur  has  reached  the  proper  point. 
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The  plug  must  then  be  inserted  in  the  lid,  the  communi- 
cation to  the  dome  closed,  and  that  leading  to  the  receiving- 
pot  opened,  allowing  the  heavy  vapor  to  pass  through  the 
pipe  surrounded  with  the  water-jacket,  by  means  of  which  a 
constant  circulation  of  cold  water  is  kept  up  round  it.  In 
this  way  the  sulphur-vapor  is  condensed,  and  runs  down  into 
the  receiving-pot  as  a  clear  orange  liquid,  resembling  molasses 
in  color  and  consistency. 

The  person  who  watches  the  operation  knows,  by  gau- 
ging the  depth  of  the  melted  sulphur  in  the  receiving-pot, 
when  the  greater  part  of  the  material  has  distilled  over.  He 
then  lowers  the  fire,  opens  the  communication  into  the  dome, 
and  cuts  off  that  leading  to  the  receiving-pot,  allowing  the 
remaining  sulphur  to  pass  off  into  the  dome  as  flowers.  A 
low  fire  is  maintained  till  the  whole  has  been  driven  off,  leav- 
ing the  earthy  residue  quite  free  from  it,  and  consequently 
loose  like  coal-ashes,  so  that  it  may  be  easily  ladled  out 
before  recharging  the  pot. 

When  both  subliming  and  distillation  are  carried  on  at 
once,  the  first  part  of  the  process  would  be  exactly  as  described 
above  ;  but  when  the  distillation  was  finished  the  fire  would 
be  maintained  for  the  remainder  of  the  day,  but  somewhat 
lower,  to  drive  off  the  quantity  required  into  the  dome.  And 
in  this  case  the  subliming  process  would  be  carried  on  for 
several  days,  and  the  pot  and  dome  never  allowed  to  cool 
down  altogether  till  the  required  quantity  of  flowers  of  sul- 
phur had  been  obtained. 

It  is  of  the  greatest  consequence  that  the  fires  should 
be  carefully  regulated  in  all  cases  ;  for  if  the  heat  become  too 
great  and  the  temperature  of  the  melted  sulphur  be  allowed 
to  rise  to  836°,  the  vapor  disengaged  at  that  temperature 
is  highly  explosive  when  mixed  with  common  air ;  and  if 
the  plug  be  driven  out  by  the  pressure  of  the  vapor,  or  if 
air  be  drawn  into  the  pot  through  some  leakage  in  the  pipes, 
an  explosion  invariably  happens. 

When  the  distilled  sulphur  in  the  refining-pot  has  cooled 
down  sufficiently,  which  it  will  do  in  the  course  of  an  hour 
or  two,  it  is  ladled  by  hand  into  wooden  tubs,  and  allowed 
to  solidify.  These  tubs  are  constructed  of  a  number  of  loose 
staves  held  together  by  broad  wooden  hoops,  which  can  be 
struck  off  when  the  sulphur  has  set,  allowing  the  staves  to 
fall  asunder  and  leave  it  as  a  solid  cylindrical  mass. 

Distilled  sulphur  immediately  after  being  removed  from 
the  tubs  is  placed  within  a  boarded-off  enclosure,  to  guard 
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against  coming  in  contact  with  any  fragments  of  grit  or  sand 
which  might  thus  enter  the  powder,  and  is  broken  up  into 
larger  lumps,  which  are  sent  up  to  the  factory  to  be  ground 
under  a  small  pair  of  millstones.  After  being  ground  it  is 
reeled  through  32-mesh  wire-cloth,  and  is  then  fit  for  the 
mixing-house. 

1021.  Testing.  —  Its  fitness  for  use  as  an  ingredient  of 
gunpowder  may  be  readily  tested  : 

1st.  By  burning  a  small  quantity  on  porcelain,  when  the 
n mount  of  residuum  should  not  exceed  0.25  per  cent. 

2d.  By  boiling  with  water  and  testing  with  blue  litmus- 
paper,  which  it  should  only  very  feebly  redden. 

1022.  Use  as  an  Ingredient  of  G-unpoivder.  —  As  an  ingre- 
dient of  gunpowder,  sulphur  is  valuable  on  account  of  the 
low  temperature   (560°  F.)  at  which  it  inflames,  thus  facili- 
tating  the    ignition  of   the  powder.     Its  oxidation  by  salt- 
petre appears  also  to  be  attended  with  the  production  of  a 
higher  temperature    than   is    obtained  with  charcoal,  which 
would  have  the  effect  of  accelerating  the  combustion,  and  of 
increasing  by  expansion  the  volume  of  gas  evolved. 

1023.  CHARCOAL.  —  The  woods  from  which  charcoal  is 
now  manufactured  for  powder-making  appear  to  have  been 
in    use   from    a   very   early   period.     Modern   research   has 
shown  that  there  was  a  good  reason  for  their  selection,  and 
that  the  cause   of  their  superiority  over  all  other  woods  is 
probably  that  their  charcoal  when  burnt  with  saltpetre  and 
sulphur  yields  larger  volumes  of  gas  than  any  others. 

1024.  The   Woods  used.  —  The  woods  generally  used  for 
the  best  gunpowders  are  the  willoio,  the  alder,  and  what  is 
popularly  known  as  the  black  dogwood.     The  two  former  are 
used   for  making   charcoal  for  all  powders  except  musket, 
while  the  latter  is  exclusively  used  for  musket-powder.     The 
difference    between    dogwood   and   all  of   the  other  woods, 
commonly  regarded  as  best  adapted  for  making  powder,  is 
most  marked ;  all  of  the  others  being  light,  brittle  woods  of 
rapid    growth,  while    this  is  a  dense,  tough  wood,  of  slow 
growth.     Analysis     confirms    the    practical    experience    of 
powder-makers,  that    dogwood-charcoal    makes    a   stronger 
powder  than  coal  of  any  other  wood,  containing  as  it  does  a 
greater  amount  of,  gaseous  constituents.     The  willow  is  one 
of  the    softest   and   lightest  of  woods ;    it  is  of  very  rapid 
growth,  nearly  white,  and   has   a   tolerably  large,  circular, 
white   pith.     The    alder  is  somewhat  harder  and  denser  in 
texture  than  the  willow,  and  is  not  of  such  rapid  growth. 
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Its  color  is  reddish-brown,  and  the  pith  is  triangular  in  sec- 
tion. The  dogwood  is  dense  and  tough,  of  slow  growth, 
and  has  a  circular  pith  of  a  reddish  color. 

Small  wood  of  about  ten  years'  growth  is  preferred  for 
powder-making.  Alder  and  willow  of  this  age  will  be  prob- 
ably four  or  five  inches  in  diameter,  dogwood  about  one. 
The  wood  must  be  straight,  perfectly  sound,  and  entirely 
free  from  bark,  and  must  be  felled  in  the  spring.  Great 
stress  is  laid  on  the  cleanliness  of  the  wood.  Any  traces  of 
bark  adhering  to  it  are  not  to  be  tolerated.  If  the  wood  is 
cut  in  the  spring  when  the  sap  is  rising,  the  bark  is  easily 
removed,  and  the  wood  is  left  perfectly  clean.  Wood  cut  at 
any  other  season  of  the  year  is  just  as  good,  only  in  this  case 
the- removal  of  the  bark  is  a  much  more  difficult  matter. 


FIG.  285. 

1025.  To  convert  the  Wood  into  Charcoal  —  Wood  is  con- 
verted into  charcoal  in  iron  retorts  or  cylinders,  set  into 
brick-work.  Fig.  285  shows  a  transverse  section  of  a  set  of 
cylinders,  giving  the  arrangement  of  the  flues,  by  which  the 
flame  is  made  to  play  all  around  them ;  and  Fig.  286  shows 
a  longitudinal  section  of  one  cylinder,  showing  how  the 
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second  cylinder,  or  slip,  A,  containing  the  wood,  is  placed  in 
its  interior,  and  the  arrangement  of  pipes  by  which  the  gas- 
eous matter  evolved  from  the  wood  is  conducted  into  the 
fire. 

Each  cylinder  is  made  of  cast-iron,  having  two  pipes 
passing  out  at  the  inner  end  of  it.  When  set,  the  lower  one 
of  these  is  closed  with  brick-work,  the  upper  one  only  being 
used,  and  the  lower  one  being  only  intended  for  use  should 
the  cylinder  be  turned  round  and  reset.  To  the  uppermost 
pipe  is  attached  a  branch-pipe  leading  to  a  horizontal  pipe 
extending  behind  the  whole  set  of  cylinders,  from  one  end 


FIG.  286.  —  Longitudinal  Section  of  Retort. 

of  whicn  another  pipe  descends  perpendicularly,  joining 
another  leading  directly  into  the  foriiMr.  Each  cylinder  has 
a  false  bottom  of  brick-work,  in  front  of  which  is  bolted  on  a 
piece  of  wrought-iron  plate  having  a  cylinder-hole  corm 
spending  to  the  uppermost  pipe  of  the  cylinder.  The  cylin- 
ders are  closed  with  tight-fitting  iron  doors  secured  by  a 
powerful  screw,  much  in  the  same  way  as  the  ends  of  gas- 
retorts  are  fastened. 

For  convenience  of  handling,  the  wood  is  placed  in  small 
cylinders  of  sheet-iron,  A,  termed  slips,  which  are  placed  on 
small  iron  travelling-carriages,  on  which  they  can  be  run  up 
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directly  to  the  mouth  of  the  cylinders  and  shot  in.  The 
back  end  of  each  slip  is  provided  with  a  handle  to  facilitate 
withdrawal.  The  slips  are  a  little  over  three  feet  in  length, 
so  as  just  to  take  the  cord-wood  in  easily. 

Provided  the  cylinders  are  hot,  the  wood  is  thoroughly 
charred  in  two  or  three  hours.  The  plan  of  conducting  the 
gas  and  tar  from  the  wood  into  the  fire  is  found  greatly  to 
economize  fuel,  and  to  be  the  readiest  means  of  ascertaining 
when  the  charring  is  properly  and  thoroughly  done.  This  is 
shown  by  the  flame  which  issues  from  the  pipe  leading  into 
the  fire  becoming  of  a  violet  tint,  indicating  the  formation 
of  carbonic  oxide. 

As  soon  as  this  is  observed,  the  doors  of  the  cylinders  are 
opened,  the  slips  are  hoisted  out  and  lowered  into  large  iron 
extinguishers  having  close-fitting  lids,  in  which  they  remain 
for  half  a  day,  after  which  the  charcoal  is  shot  into  coolers  — 
large  cylindrical  cases  of  sheet-iron  fitted  with  lids  —  and 
sent  to  the  charcoal-store.  Wood  yields  about  25  per  cent, 
of  charcoal. 

1026.  Effect  of  Temperature  employed  in  Conversion.  —  It 
is  of  the  highest  importance  that  the  charring  of  the  wood 
should  always  be  conducted  as  nearly  as  possible  at  the  same 
temperature ;   for  the  chemical  composition  of  the  charcoal 
and  the  temperature  at  which  it  will  ignite  is  undoubtedly 
affected  by  the  temperature  at  which  it  has  been  charred. 
Charcoal  prepared  at  a  low  temperature  is  softer,  more  in- 
flammable, and  contains  more  gaseous  elements  than  char- 
coal  prepared  at  a  higher  heat,  and  the  gunpowders  made 
from  these  charcoals  would  be  similarly  affected.     It  is  hope- 
less, therefore,  to  attempt  to  obtain  uniform  results  in  manu- 
facturing powder,  unless  means  be  taken  to  insure  uniformity 
in  the  preparation  of  charcoal. 

1027.  Qualities  of  Charcoal.  —  The  fitness  of  charcoal  for 
gunpowder  depends    on   its  chemical  composition,  which  is 
indicated    by   its   physical   qualities.     If  properly   made   it 
should  be  jet-black  in  color,  its  fracture  should  show  a  clear, 
velvet-like  surface,  and  it  should  be  light  and  sonorous  when 
dropped  on  a  hard  surface. 

Underburnt  charcoal  —  that  is,  charcoal  that  is  prepared 
at  a  very  low  temperature  —  is  at  once  known  by  its  red- 
dish-brown color ;  overburnt  charcoal,  by  its  hardness  and 
density.  The  former  is  greatly  more  inflammable  than  the 
latter ;  charcoal  prepared  at  a  temperature  of  500°  F.  being 
readily  ignited  at  a  temperature  of  640°  F.,  while  charcoal 
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prepared  at  1800°  F.  requires  a  temperature  nearly  double 
the  last  to  inflame  it. 

Underburnt  charcoal  has  found  favor  for  some  small-arm 
powders.  It  certainly  appears  to  render  the  powder  more 
inflammable  and  consequently  quicker;  but  it  has  the  dis- 
advantage of  being  more  hygroscopic  than  denser  charcoal, 
and  of  rendering  the  powder  therefore  more  liable  to  suffer 
damage  from  damp.  That  underburnt  charcoal  produces  a 
very  marked  effect  on  gunpowder  there  can  be  no  doubt. 
Recent  experiments  have  proved  that  if  two  powders  be 
made  identical  in  all  other  qualities,  —  the  one  with  black 
charcoal,  the  other  with  red  or  underburnt  charcoal,  —  the 
latter  will  give  a  higher  velocity  to  the  projectile  than  the 
former.  Powder  made  from  underburnt  charcoal  can  be 
readily  distinguished,  when  crushed  to  fine  dust,  by  its 
color. 

1028.  PROPORTIONS  OF  INGREDIENTS.  —  In  determining 
the  proportions  in  which  the  constituents  should  be  mixed, 
the  circumstances  in  which  it  is  to  be  used  must  be  consid- 
ered. 

A  vast  number  of  experiments  have  been  made  at  various 
times  to  discover  the  proportions  of  nitre,  sulphur,  and  char- 
coal best  adapted  for  the  production  of  guupowder.  It  has 
been  found  that  no  general  rule  can  be  given  which  shall 
fulfil  every  requirement,  yet  all  nations  appear  to  have  found 
by  trial  the  proportions  most  generally  useful  for  ordinary 
purposes,  and  they  all  approximate  to  the  percentages 
required  by  the  formula 

2KNO3  +  S  +  3C, 

supposing  the  charcoal  to  be  pure  carbon. 

The  percentage  composition  is  generally  thus : 

Nitre 74.8 

Sulphur 11.9 

Charcoal 13.3 

The  percentage  of  nitre  varies  from  70  t<5  80 ;  that  of 
sulphur  and  charcoal  from  10  to  15  each. 

The  best  powder  is  intended  for  war  and  sporting  pur- 
poses, and  contains  usually  a  little  less  sulphur  and  a  little 
more  charcoal  than  the  above. 

The  proportions  required  by  regulation  for  all  powders  in 
the  United  States  service  are : 
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Nitre 75 

Charcoal 15 

Sulphur 10 

except  torpedo  and  shell  powders. 

For  torpedo  and  shell  powder  the  proportions  are : 

Nitre 77 

Charcoal 13 

Sulphur 10 

and  the  charcoal  is  of  a  bright-red  color. 

1029.  BLASTING-POWDER,  for  example,  contains  a  greater 
proportion  of  charcoal  and  less  nitre ;  its  action  is  conse- 
quently slower,  and  if  used  in  fire-arms,  not  only  is  the  piece 
very  soon  rendered  foul,  but  the  ball  is  projected  to  a  much 
less  distance. 

This  alteration  in  the  proportions  is  mainly  on  account  of 
the  great  reduction  in  price  thereby  effected. 

1030.  PREPARING  AND   MIXING  THE  INGREDIENTS. — 
Before  the  ingredients  can  be  mixed,  they  must  be  reduced 
to  a  powder  sufficiently  fine  for  the  purpose.     It  is  important 
to  bear  clearly  in  mind  the  meaning  of  the  terms  mixing  and 
incorporating,    as     they    are     used    by    gunpowder-makers. 
Though  gunpowder  is  really  only  a  mixture,  very  intimate, 
no  doubt,  of  the  three  ingredients,  and  not  a  new  chemical 
substance  formed  out  of  them,  yet  by  mixing  is  understood 
only  the  stirring  together  for  a  few  minutes  of  the  saltpetre, 
sulphur,   and   charcoal,   to   get   them    perfectly   distributed 
amongst  each  other ;  and  by  incorporating,  the  long-continued 
trituratioii  and  grinding  which  the  mixture  undergoes  under 
heavy   edge-runners,   by  which   a   mass   of  the   ingredients 
becomes  transformed  from  a  mere  mixture  of  three  different 
substances  into  gunpowder.     A  preliminary  mixing,  such  as 
is  employed  at  most  gunpowder-works,   may  be    dispensed 
with  ;  incorporation,  whether  performed  by  pestle  and  mor- 
tar, in  the  stamping-mill,  or  under  edge-runners,  never. 

If  the  saltpetre  is  used  moist,  an  allowance  for  this  must 
be  made  in  weighing.  The  percentage  of  moisture  in  the 
quantity  used  is  ascertained  by  drying  and  pressing  a  sample, 
and  comparing  the  weight  before  and  after  the  operation. 
In  this  country  it  is  found  highly  advantageous  to  have  the 
saltpetre  dried  and  pulverized  before  weighing  out. 

Occasionally  dried,  refined  saltpetre  may  be  employed  for 
manufacture  in  the  case  of  a  stoppage  in  the  saltpetre-refiii- 
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ery.  In  this  case  the  dried  salt  is  first  ground  under  a  pair 
of  small  stone  edge-runners,  fitted  with  scrapers  to  prevent 
the  salt  adhering  to  them,  and  then  passed  through  a  slope- 
reel  covered  with  28-mesh  wire,  that  which  passes  through 
the  wire  being  used  for  mixing,  the  larger  fragments  being 
reground. 

The  sulphur  is  ground  in  quantities  of  2|  cwts.  at  a 
time,  under  a  pair  of  iron  edge-runners,  also  fitted  with 
scrapers,  and  sifted  in  a  slope-reel  covered  with  32-mesh  wire. 


FIG.  287.  —  Charcoal-mill  and  Reel. 

A.  Cylinder.  B.  Cone.  K.  Reel. 

Charcoal,  after  being  carefully  hand-picked,  to  guard 
against  the  introduction  of  any  fragments  of  foreign  matter 
and  underburnt  knots  of  wood,  is  ground  in  a  mill  resembling 
a  coffee-mill  in  action.  (Fig.  287.)  It  consists  of  a  cone 
working  in  a  cylinder,  each  being  furnished  with  diagonal 
ribs,  or  teeth,  which  are  widely  apart  at  top,  but  approach 
closely  together  at  bottom.  The  charcoal,  which  is  shot  in 
at  the  top,  passes  out  at  the  bottom  into  a  slope-reel  covered 
with  32-mesh  wire ;  all  fragments  which  do  not  pass  through 
being  transferred  again  to  the  mill. 
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An  important  caution  must  be  mentioned  in  connection 
with  the  grinding  of  charcoal.  After  being  burnt,  it  should 
be  allowed  to  stand  for  a  considerable  time  —  ten  days  to  a 
fortnight  —  before  being  ground ;  for  when  ground  fresh 
after  burning,  the  finely  powdered  charcoal  absorbs  and  con- 
denses oxygen  so  rapidly  as  to  generate  a  great  amount  of 
heat ;  enough,  in  so  bad  a  conductor,  to  cause  spontaneous 
combustion.  Instances  of  fires  in  gunpowder-factories  from 
this  cause  are  on  record,  fresh-ground  charcoal  having  been 
left  overnight  in  wooden  bins. 

1031.  Mixing-machine.  —  The  relative  proportions  of  the 
three  ingredients  are  weighed  out  in  quantities  of  50  Ibs., 
and  transferred  to  the  mixing-machine.  (Fig.  288.)  This 


FIG.  288.  —  Mixing-machine. 

consists  of  a  hollow  drum  of  gun-metal,  which  is  made  to 
revolve  at  a  speed  of  40  revolutions  per  minute.  The  bear- 
ings of  this  drum  are  hollow,  to  receive  a  shaft  which  passes 
through  them.  This  shaft  carries  in  the  interior  of  the 
drum  a  series  of  44  arms,  or  fliers,  the  points  of  which  just 
clear  the  interior  of  the  drum,  and  revolves  at  twice  the 
speed  of  the  drum,  and  in  the  opposite  direction. 

A  50-lb.  bag   of  ingredients   is  emptied  into  the  drum 
thorough  a  square  opening  at  the  top  of  it,  and  the  drum  and 
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shaft  carrying  the  fliers  being  set  in  motion  for  five  minutes, 
the  saltpetre,  sulphur,  and  charcoal  are  thoroughly  mixed 
together.  The  opening  at  the  bottom  of  the  drum  allows 
the  mixed  ingredients  to  fall  down  the  shoot  into  a  tub,  from 
which  they  are  transferred  to  an  8-mesh  wire  sieve  placed 
over  another  shoot  having  a  composition-bag  placed  beneath 
it.  On  the  sieve  the  charge  is  carefully  sifted  by  hand,  to 
guard  against  any  foreign  matter,  such  as  splinters  of  wood 
from  the  saltpetre  bins,  etc.,  passing  into  it,  and  falls  through 
into  the  bags,  in  which  it  is  tied  up  tightly,  and  transferred 
to  the  charge-house,  ready  for  the  incorporating-mill. 

1032.  INCOKPORATION. —  Incorporation  is  unquestion- 
ably the  most  important  of  all  the  operations  in  the  manu- 
facture of  gunpowder.  Without  it  there  would  be  no  manu- 
facture, for  the  charge  of  saltpetre,  sulphur,  and  charcoal 
goes  to  the  incorporating-mill  a  mere  mixture,  and  leaves  it 
gunpowder.  Nothing  that  can  be  done  to  it  afterwards  will 
add  to  its  strength  or  explosiveness ;  no  future  treatment  can 
remedy  defective  incorporation.  By  incorporation  is,  of 
course,  meant  the  long-continued  grinding  together  of  the 
ingredients,  which  blends  them  together  and  brings  them  into 
such  close  juxtaposition,  that  they  appear  to  form  a  new  sub- 
stance. Unless  this  be  done  perfectly,  perfect  mutual  decom- 
position of  the  constituents  of  the  gunpowder  cannot  be 
expected  on  combustion.  The  more  thoroughly  it  is  effected, 
the  stronger  will  be  the  resulting  gunpowder. 

Upon  the  thorough  and  effectual  incorporation  which  it 
receives  depends  mainly  the  excellence  of  powder.  Great 
attention  is  paid  to  the  process,  not  only  for  military  but  for 
sporting  purposes,  and  the  most  powerful  mills  are  always 
used.  It  has  been  carried  to  the  highest  pitch  of  excellence, 
and  in  many  cases  it  is  carried  on  for  an  unnecessary  length 
of  time ;  some  of  the  finer  sporting  powders  are  said  to  be 
incorporated  for  twelve  hours.  Provided  the  incorporating- 
mill  is  sufficiently  powerful,  and  is  worked  at  a  sufficient 
speed,  a  most  thorough  incorporation  can  be  effected  in  a 
few  hours,  after  which  there  is  no  object  in  continuing  the 
process.  But  as  imperfectly  incorporated  powder  cannot 
fail  to  be  of  inferior  quality,  and  to  foul  the  gun  under  most 
circumstances,  it  is  best  to  incorporate  the  materials  as 
thoroughly  as  possible ;  and  if  the  powder  is  thus  rendered 
too  explosive,  this  quality  can  be  reduced  by  increasing  its 
density  and  hardness,  and  by  varying  the  shape  and  size  of 
its  constituent  grains.  (Art.  1037.) 
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1033.  Imperfect  Incorporation. — What  maybe  expected 
of  an  imperfectly  incorporated  powder  may  be  at  once  seen 
by  burning  small  quantities  of  different  powders,  varying  in 
the  amount  of  incorporation  they  have  undergone,  on  plates 
of  glass  or  porcelain.     A  perfectly  made  powder  flashes  off, 
leaving   nothing   but   some    smoke-marks ;    an    imperfectly 
worked  powder  will  coat  the  plate  with  specks  of  undecom- 
posed  saltpetre.     This  flashing-test  is  a  simple  and  effectual 
way  of  ascertaining  the  amount  of  working  which  has  been 
bestowed  on  the  powder  in  the  mills,  and  is  the  only  safe 
and  infallible  test  of  incorporation.     This  test  must  be  per- 
formed by  an  experienced  person,  and  no  powder  which  does 
not  stand  it  can  be  expected  to  shoot  either  strongly,  uni- 
formly, or  cleanly. 

1034.  THE  INCORPORATING-MILL.  —  In  order  to  effect  a 
close  and  intimate  reunion  between  the  saltpetre,  the  sul- 
phur, and  the  charcoal,  they  must  be  rolled  and  ground  to- 
gether for  a  length  of  time  ;  and  the  gunpowder-maker  finds 
the  most  effectual  way  of  accomplishing  this,  is  to  grind  the 
materials   together    under   heavy   edge-runners  of  stone  or 
iron,  which  by  their  motion  —  a  compound  of  rolling  and 
twisting  —  soon  work  them  into  a  homogeneous  mass. 

The  mill  generally  used  consists  of  a  pair  of  large,  heavy 
edge-runners  of  iron  or  stone,  which  revolve  on  a  strong 
circular  bed,  the  bed  being,  of  course,  stone  for  the  stone,  and 
iron  for  the  iron  runners.  (Figs.  289  and  290.)  The  run- 
ners are  of  various  sizes,  weighing  from  three  to  four  tons  each, 
and  being  from  4  to  7  feet  in  diameter.  Those  of  the  smaller 
diameter  are  better  than  the  larger,  as  the  latter  cause  a 
greater  twist  on  the  bed,  and  are  therefore  more  apt  to  cause 
accident.  The  face  of  the  runners  should  be  nearly  flat, 
with  a  slight  bevel  towards  the  edge. 

The  runners  are  connected  by  a  powerful  spindle  of 
wrought-iron,  which  rests  in  brass  benches  placed  in  the 
cross-head,  so  as  to  allow  the  spindle  and  runners  to  rise  and 
fall  according  to  the  thickness  of  the  layer  of  material  on 
the  bed.  The  spindle  is  placed  in  the  cross-head,  so  as  to 
bring  one  runner  nearer  to  it  than  the  other,  and  therefore 
cause  them  to  describe  different  paths  when  in  motion. 

The  cross-head  is  fixed  on  a  vertical  shaft,  on  which  is 
fixed,  underneath  the  flooring  of  the  mill,  a  wheel  driven  by 
a  pinion  on  the  driving-shaft,  which  passes  underneath  the 
whole  group  of  mills.  By  this  arrangement  the  whole  of 
the  machinery  is  kept  underneath,  and  out  of  reach  of  dam- 
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age  from  explosion.  The  cross-head  is  fitted  with  a  bracket 
on  each  side  to  carry  a  plough,  or  wedge-shaped  piece  of  wood 
shod  with  felt  and  leather,  which  travels  round  on  a  bed 
immediately  in  front  of  the  runners,  and  thus  keeps  the  com- 
position from  working  away  from  them. 


FIG.  289.  —  Incorporating-mill.    (Elevation.) 

The  bed  has  a  curb  or  edge  round  the  outside,  formed  by 
a  sloping  rim  or  casing  fixed  all  round  it ;  that  on  the  inside 
is  formed  by  the  circular  base  of  the  conical  socket,  down 
which  the  vertical  shaft  of  the  cross-head  passes.  Both  the 
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inside  and  the  outside  curbs  have  gun-metal  rings  round 
them  for  the  ploughs  to  work  against.  Every  fitting  and  bolt 
is  arranged  with  the  greatest  care,  so  as  neither  to  break  nor 
become  loose  from  the  jolting  of  the  mill,  and  thus  drop  into 
the  charge. 

1035.  Tools  used.  —  The  instruments  used  are  a  wooden 
rake,  to  distribute  the  charge  over  the  bed ;  a  shover,  or  flat 
board  on  the  end  of  a  staff,  to  push  off  the  charge  from  the 


FIG.  290.  —  Incorporating-mill.    (Plan.) 

bed  occasionally ;  a  copper  chisel  to  be  used  when  getting  the 
charge  off  the  bed  when  finished;  a  brush  for  brushing 
the  materials  into  the  centre  of  the  bed ;  a  wooden  mallet  to 
break  up  any  caked  powder  which  may  adhere  to  the  run- 
ners or  bed ;  and  a  copper  watering-pot,  used  for  watering  the 
charge. 

1036.  The  Operation.  —  The  charges,  which  have  been 
carefully  sifted  in  order  to  avoid  the  possibility  of  foreign 
matters  getting  into  the  mill-bed,  are  thrown  one  half  on 
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each  side  of  the  bed,  and  distributed  evenly  over  it.  The 
runners  are  then  moved  round  a  quarter  revolution,  and  the 
piece  of  mill-cake  left  under  them  from  the  former  charge  is 
broken  off  and  distributed  over  the  fresh  charge. 


FIG.  291.  —  Incorporating-mill.    (Section.) 

This  portion  of  mill-cake  is  of  course  finished  powder, 
and  quite  hard,  if  the  runners  have  been  left  standing  on  it. 
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It  is  broken  up  and  distributed  to  prevent  its  adhering  to 
the  bed  and  causing  too  much  friction.  The  runners  are 
usually  left  on  the  portion  of  powder  on  which  they  stop 
when  the  incorporation  is  complete,  as  the  attempt  to  move 
them  off  on  to  a  leather  placed  on  the  mill-bed  involves  the 
risk  of  a  portion  of  the  runner  coming  down  in  contact  with 
the  bed,  and  thereby  igniting  some  of  the  powder-dust  with 
which  every  crevice  is  filled. 

Before  starting  the  mill,  about  two  pints  of  pure  water 
are  sprinkled  over  the  charge.  The  runners  are  then  started 
at  a  speed  of  about  eight  revolutions  a  minute.  The  mill- 
man  does  not  remain  in  the  mill,  but  only  goes  in  from  time 
to  time  to  push  up  the  charge  from  the  bed,  and  to  add  a 
little  more  water  according  to  the  state  of  the  charge.  From 
two  to  three  pints  are  generally  found  to  be  necessary  in 
very  damp  weather,  and  as  many  as  eight  or  ten  in  very 
bright  days.  The  watering  of  the  charge  is  left  to  the  mill- 
man's  judgment. 

1037.  Time   required  for  Incorporation.  —  The    times  of 
incorporation  vary  with  the  power  of  the  mills.     Thus,  can- 
non-powder requires  3J  hours  working  under  stone  runners 
weighing  3^  tons,  and  making  7i  revolutions   a  minute,  but 
only  2i  under  iron  runners  of  4  tons,  making  8  revolutions  a 
minute.     Small-arm  (dog-wood)  powders  require  5£  hours 
in  the  former  mills,  and  4  in  the  latter. 

Taking  about  50  Ibs.  as  the  maximum  amount  which  it  is 
best  to  incorporate  at  one  time  under  one  pair  of  runners,  it 
is  easy  to  calculate  the  capacity  of  a  gunpowder-factory.  A 
certain  amount  of  work  can  be  obtained  from  them,  and  no 
expedient  can  produce  more ;  no  extra  time  or  work  can  be 
expended  on  the  process. 

The  powers  of  a  gunpowder-factory  are  therefore  known, 
being  regulated  by  the  numbers  of  pairs  of  incorporating 
runners  which  it  possesses.  The  manufacture  of  gunpowder 
cannot  be  hastened,  and  even  if  it  could,  an  explosion  may 
happen  at  any  moment  which  may  cripple  a  factory  for  the 
greater  part  of  a  year,  so  that  an  extensive  store  of  gun- 
powder is  always  required  to  be  kept  on  hand  in  case  of 
war. 

1038.  Mill-cake.  —  As   the    process  of   incorporation   ap- 
proaches   completion,   the    charge  requires   to  be    carefully 
watched,  in  order  to  insure  each  finished  charge  leaving  the 
mill  in  as  nearly  as  possible  the  same  state  as  regards  moist- 
ure.    The  appearance  of  the  powder  when  finished  depends 
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mainly  on  the  state  in  which  the  charges  leave  the  mill.  The 
finished  charge  usually  has  from  two  to  three  per  cent,  of 
moisture.  If  too  much  moisture  be  present  as  the  incorpo- 
ration draws  to  a  close,  the  charge  must  be  repeatedly  pushed 
up  with  a  shover  ;  if  too  little,  some  more  must  be  added  from 
the  watering-pot.  The  color  of  the  charge  gives  a  very  good 
indication  of  the  amount  of  moisture  present. 

When  the  process  is  finished,  the  charge,  now  known  as 
mill-cake,  —  being  partly  in  a  state  of  soft  cake,  and  partly  of 
dust,  —  is  scraped  and  swept  up  from  the  mill-bed,  placed  in 
wooden  tubs,  and  transferred  to  the  charge-house  to  await 
inspection.  If  the  charges  are  found  to  be  of  a  proper  color 
and  consistency,  samples  from  each  are  taken,  which,  after 
being  roughly  granulated  by  hand  and  dried,  are  flashed  on 
a  glass  plate  to  ascertain  the  thoroughness  of  the  incorpora- 
tion which  they  have  undergone.  This  flashing  is  more  a 
matter  of  form  than  any  thing  else,  for  the  mill-cake  seldom 
fails  to  give  satisfactory  results. 

1039.  Danger  of  Incorporation.  —  As  incorporation  is  the 
most  important  of  all  the  operations  in  the  manufacture  of 
gunpowder,  so  it  is  by  far  the  most  dangerous.  Accidents  in 
the  subsequent  processes,  where  large  quantities  of  powder 
are  subjected  to  treatment  at  one  time,  are  fortunately  rare ; 
but  in  the  incorporating-mills  they  may  be  expected  from 
time  to  time.  It  is  hardly  possible  it  can  be  otherwise,  con- 
sidering the  enormous  friction  to  which  the  powder  is  sub- 
jected in  them. 

The  amount  of  water  added  to  the  charge  does  not  reduce 
the  ingredients  to  a  pasty  mass,  and  so  lessen  their  explosive- 
ness  ;  on  the  contrary,  the  charge  when  it  approaches  com- 
pletion is  highly  explosive.  If  a  large  amount  of  water  were 
added,  the  saltpetre  would  be  partly  dissolved,  and  all  the 
incorporation  previously  effected  would  be  undone. 

It  is  difficult  to  conjecture  how  accidents  do  happen, 
unless  it  be  from  the  charge  adhering  to  the  runners  and 
leaving  the  bed  bare,  in  which  case  the  friction  between  the 
runner  and  the  bed  is  so  great  as  to  cause  a  spark.  Of 
course  the  more  obvious  causes  of  accident,  such  as  some 
foreign  body  falling  into  the  bed,  are  not  alluded  to  here,  but 
only  those  causes  which  are  as  yet  unknown,  and  which  no 
amount  of  vigilance  can  altogether  avert. 
.  1040.  DrencJiing-apparatus. —  Admitting,  therefore,  that 
occasional  explosions  in  the  incorporating-mills  are  inevit- 
able, the  object  of  the  manufacturer  is  to  render  them  as 
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harmless  as  possible.  As  the  mills  are  generally  built  in 
groups,  an  explosion  in  one  is  very  apt  to  spread  amongst  all 
the  others  round  it.  To  prevent  this,  a  drenching-apparatus 
(Fig.  292)  is  erected  over  each  pair  of  runners. 

The  apparatus  consists  of  a  large  shutter  pivoted  on  a 
spindle,  which  runs  through  the  whole  group  of  mills.  To 
this  spindle  the  shutter  in  each  mill  is  attached,  and  the 
spindle  passes  through  bearings  in  the  partition-walls,  so  that 
the  lifting  of  the  shutter  lifts  all  the  others.  Balanced  on 
the  pivot-edge  of  the  shutter  is  a  large  copper  vessel  full 
of  water.  This  vessel  is  so  arranged  that  the  slightest  lift  of 
the  shutter  capsizes  its  contents  into  the  bed  of  the  mill 
beneath  it. 


FIG.  292.  —  Drenching-apparatus  for  Incorporating-mill. 

A.  Cistern  made  of  copper  to  hold  40  gallons. 

B.  Weight  made  of  east-iron  to  balance  the  shutter. 

C.  Shutter  made  of  wood.    When  lifted  by  an  explosion  relieves  the  foot  of  the  cistern,  A,  causing  it 

to  turn  over,  drenching  the  mill,  and  also  turning  over  all  the  cisterns  in  connection  with  the 
shaft,  D,  which  passes  through  the  stuffing-box,  h,  it  being  built  in  the  wall. 
F.    Couplings  connecting  the  shafts  on  both  sides  of  the  wall. 

An  explosion  in  one  mill,  therefore,  lifts  the  shutter  above 
it  and  throws  down  the  water  into  the  mill-bed,  and  though, 
of  course,  too  late  to  -do  any  good  in  the  mill  which  has 
exploded,  the  movement  of  the  shutter  turns  the  spindle  and 
drowns  the  charges  in  all  the  adjacent  mills,  and  thus  saves 
them  from  explosion.  This  drenching-apparatus  is  found  to 
answer  very  well. 

The  explosion  of  a  green  charge  does  not,  in  some  cases, 
do  much  damage  to  the  structure  of  the  mill  or  the  machin- 
ery ;  that  of  a  worked  charge  is  very  violent,  and  leaves 
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generally  no  part  of  the  structure  standing.  Consequently 
all  mills  should  be  made  of  very  strong  framework,  covered 
with  light  boards  which  can  be  quickly  replaced  if  destroyed 
by  an  explosion.  Fortunately  the  men  do  not  require  to  be 
always  in  the  mills ;  on  the  contrary  they  only  enter  them 
from  time  to  time  for  a  minute  or  so  —  either  to  liquor  the 
charge,  or  to  see  that  all  is  going  on  well. 

1041.  PRESSING.  —  Gunpowder  leaves  the  incorporat- 
ing-mill  partly  in  the  state  of  soft  cake,  partly  dust.     The 
cake  hardens  very  considerably,  if  allowed  to  stand  for  a  few 
days.     In  this  form  it  would  be  unfit  for  use.    The  cake  may 
be   broken   up   into  grains,  but  such  grains  are  too  soft  to 
stand  much  handling  or  transport  without  crumbling  to  dust. 
Powder  made   from   mill-cake  will   always   be  found  to  be 
dusty,  and  such  powder  must  always  be  irregular  in  action. 
It  will   also   be   much  more  liable  to  absorb  moisture,  and 
therefore  to  cake  and  become  lumpy. 

To  insure  uniformity  and  good  keeping  qualities,  arid 
freedom  from  dust,  powder  must  be  converted  into  firm 
grains.  This  is  done  by  compressing  the  soft  material  into 
hard  masses  by  pressure  alone,  and  then  crushing  up  these 
masses  into  the  description  of  grain  required.  The  object 
of  pressing,  then,  is  to  convert  the  soft  dusty  mass  of  incor- 
porated ingredients,  now  gunpowder,  into  hard  cakes  of  the 
particular  density  which  is  found  to  give  the  best  results 
when  the  powder  is  finished.  After  the  cakes  are  formed 
they  can  be  broken  up  by  various  contrivances  into  grains  of 
any  size,  all  of  which  will  have  a  uniform  density  and  hard- 
ness, and  which  can  be  freed  from  dust,  and  glazed  and 
polished  so  as  to  bear  handling  and  transport  without  break- 
ing or  crumbling. 

Gunpowder  is  generally  pressed  in  layers  between  plates 
of  gun-metal  or  copper,  in  a  hydraulic  press.  Screw-presses 
are  sometimes  used,  and  there  are  different  ways  of  placing 
the  powder  in  the  presses  used.  The  best  results  are  found 
to  be  obtained  by  pressing  in  thin  layers.  To  insure  the 
powder  finding  its  way  down  between  them  it  must  be 
reduced  to  a  tolerably  fine  state  of  division.  A  preliminary 
operation  is  therefore  necessary  called  breaking  down. 

1042.  Breaking  doivn  is  only  a  preparation  for  pressing. 
Its  object  is  to  reduce  the  mill-cake  to  a  fine  meal  in  order 
that  it  may  be  readily  placed  in  the  press. 

If  the  powder  is  to  be  pressed  in  very  thick  cakes  it 
would  not  require  breaking  down  at  all. 
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The  breaking-down  machine  consists  of  two  pairs  of 
grooved  composition-rollers,  placed  in  a  metallic  frame,  so 
that  one  pair  is  directly  above  the  other.  One  roller  of  each 
pair  works  in  a  sliding  bearing  and  is  held  at  a  proper  dis- 
tance from  the  other  by  a  weighted  lever ;  so  that  the  rollers 
may  open  out  a  little  if  too  large  a  quantity  of  the  cake  is 
drawn  in  between  them.  There  is  also  a  scraper  attached  to 
each  pair  of  rollers  for  removing  any  powder  that  may  ad- 
here to  their  surfaces. 

Attached  to  the  machine  is  a  large  hopper  containing  the 
mill-cake.  An  endless  band  of  strong  canvas,  having  trans- 
verse strips  of  leather  attached,  works  through  an  opening 
at  the  bottom  of  the  hopper  up  to  the  top  of  the  machine, 
by  means  of  which  a  regular  supply  of  the  cake  is  carried 
up  and  dropped  in  between  the  rollers,  which  crush  it  up 
into  fine  meal.  The  meal  falls  through  th'e  second  pair  of 
rollers,  which  reduce  to  dust  any  fragments  that  may  have 
escaped  the  action  of  the  first  pair,  and  finally  falls  into 
wooden  tubs  placed  underneath  to  receive  it.  It  is  then 
ready  for  direct  transfer  to  the  press. 

1043.  DESCRIPTION  OF  PRESS.  —  A  convenient  form  of 
hydraulic  gunpowder-press  is  shown  in  Figs.  293  and  294. 
The  press-box   is  made  of  gun-metal,  lined  inside  and  out 
with  oak  boards,  and  is  of  great  strength.     The  bottom  and 
one  side  are  permanently  attached  to  each  other.     The  other 
three  sides  are  hinged  to  the  bottom,  so  that  they  can  be 
opened  out  to  facilitate  unloading.     When  closed  they  are 
secured   with    short,    coarse-threaded   screws   of  gun-metal. 
The  box  has  two  projecting  gun-metal  claws,  which  hinge 
on  to  a  fixed  horizontal  rod  of  the  same  metal,  so  that  the 
box  can  be  turned  on  it,  on  the  table  of  the  hydraulic  press, 
when  filled  and  ready  for  pressing,  or  outwards  when  it  has 
to  be  unloaded. 

1044.  Loading  the  Press.  —  Being  first  turned  down  on 
its  side,  the  open  top  is  closed  temporarily  with  a  piece  of 
board  which  is  fitted  to  it.     What  is  now  the  uppermost  side 
is  uncovered  and  raised,  and  the  other  two  sides  are  fastened 
in   their  places.     Gun-metal  racks  to  hold  the  press-plates, 
having  perpendicular  grooves  in  them  |  inch  apart,  are  then 
slid  in  on  each  side,  and  the  plates  being  put  in,  the  powder- 
meal   is   shoVelled   in   and   falls  down  readily  between  the 
plates    till   the  box  is  full ;  the  racks  are  then  drawn  out, 
leaving  the  plates  free,  with  layers  of  powder  between  them. 
The  excess  of  powder  being  carefully  swept  off  the  edge  of 
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the  box,  the  upper  side  is  lowered  and  screwed  to  the  other 
three;  an  overhead-block  and  tackle  are  made  fast  to  the 
gun-metal  eye  on  the  side  of  the  box,  and  the  box  is  turned 
over  on  the  press-table. 

The  box  now  stands  on  its  bottom,  and  the  temporary 
board  with  which  the  top  has  been  closed  during  charging 
being  lifted  off,  the  powder  and  plates  will  be  found  to 
have  settled  down  several  inches  by  their  own  weight. 


FIG.  293.  —  Press.    Elevation  and  section  showing  press  in  action. 


A.    Cylinder. 


C.    Press-box. 


1).    Overhead-block. 


EG.    Standard. 


The  vacant  space  at  the  top  is  filled  up  by  shovelling  in  a 
few  more  layers  of  meal,  placing  a  plate  by  hand  on  each 
in  succession,  till  the  press-box  is  full.  The  overhead-block, 
which  exactly  fits  into  the  press-box,  is  now  run  into  its 
place,  over  and  nearly  touching  the  contents  of  the  box, 
and  secured  there,  when  every  thing  is  ready  to  apply  the 
pressure  until  the  box  rises  to  a  sufficient  height. 
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1045.  Unloading  the  Press.  —  After  the  designated  pres- 
sure has  been  attained,  the  press-table,  carrying  the  press- 
box,  is  allowed  to  descend.  The  pumps  are  in  another  build- 
ing, separated  from  the  press-house  by  large  traverses,  and 
here  the  workmen  remain  while  the  pressure  is  being  applied. 
The  workmen  now  re-enter  the  press-house  and  proceed  to 
unload  the  box.  The  overhead-block  is  first  run  out  of  the 


FIG.  294.  —  Press.    Elevation  and  section  showing  press  partly  unloaded. 


way,  and  the  block  and  tackle  being  attached  to  the  box,  it 
is  turned  over  on  its  side.  The  fixing-screws  are  now  taken 
out  of  their  sockets,  and  the  three  hinged  sides  of  the  boxes 
opened  out,  leaving  the  powder  and  press-plates  standing  in 
a  solid  mass.  Each  plate,  with  a  layer  of  hard  slate-like  cake 
adhering  to  it,  is  separated  from  the  one  beneath  it,  and, 
being  lifted  into  a  wooden  bin,  gets  a  few  knocks  with  a 
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wooden  mallet,  which  cause  the  cake  to  fall  off  in  irregular 
fragments,  which  are  broken  into  pieces  of  the  size  of  a  man's 
hand,  shovelled  into  tubs,  and  removed. 

1046.  Uniformity  of  Results.  —  To  obtain  pressings  of 
equal  density,  equal  quantities  of  powder-meal  must  be 
compressed  equal  distances.  It  is  a  matter  of  considerable 
difficulty  to  insure  uniformity  of  results  in  pressing  powder. 
It  is  of  the  highest  importance  that  the  (density  obtained 
should  be  uniform,  for  recent  experiments  have  proved  con- 
clusively that  the  qualities  and  explosive  effect  of  gunpowder 
are  materially  effected  by  comparatively  slight  variations  in 
density.  It  is  perfectly  possible  to  manufacture  powder  of 
uniform  density,  and  such  powder  will  give  accurate  and 
uniform  results,  both  as  regards  pressure  in  the  gun  and,  con- 
sequently, velocity  imparted  to  the  projectile.  The  density 
of  powder  is  given  in  the  press ;  the  importance  of  accuracy 
in  pressing,  in  which  the  shooting  qualities  of  powder  there- 
fore entirely,  or  at  least  mainly,  depend,  is  evident. 

As  the  powder-meal  possesses  varying  degrees  of  elasticity 
and  resistance  to  pressure,  depending,  to  a  great  extent,  on 
the  moisture  it  contains,  and,  as  far  as  can  be  judged  by 
experience,  on  the  state  of  the  atmosphere  at  the  time,  equal 
pressures  will  not  always  have  equal  effects.  It  is  therefore 
very  necessary  to  have  all  the  conditions  made  as  nearly  as 
possible  the  same  in  each  experiment.  If  equal  quantities 
of  meal,  containing  equal  quantities  of  moisture,  could  be 
compressed  to  the  same  amount  in  equal  times,  and  under 
the  same  atmospheric  conditions,  then  there  is  little  doubt 
that  tolerable  uniformity  of  density  would  be  attainable. 
But  it  must  be  always  a  matter  of  the  greatest  difficulty  to 
fulfil  all  these  conditions  exactly.  In  the  first  place,  the 
moisture  in  the  powder-meal  depends  mainly  on  the  amount 
of  liquoring  the  charges  have  received.  This  is  usually  left 
to  the  judgment  of  the  workman,  who  is  guided  by  the  state 
of  weather.  And  though  the  charges  may  be  uniform  as 
regards  moisture,  on  leaving  the  mills,  it  is  obvious  that 
variations  of  temperature  between  the  days  of  incorporation 
and  pressing  will  affect  them  unequally.  In  the  next  place, 
the  bulk  of  the  meal  is  affected  by  the  moisture  contained  in 
it,  so  that  fill  the  press-box  as  carefully  as  we  can,  we  do  not 
get  equal  quantities  to  be  subjected  to  pressure  each  time. 

If  the  quantities  operated  on  were  very  small,  it  might 
be  possible  to  devise  some  method  of  equalizing  the  moisture 
contained  in  them ;  but  when  large  charges  are  required  to 
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fill  the  press-box,  it  becomes  a  much  more  difficult  matter. 
It  is  necessary,  when  examining  the  densities  of  press-cake, 
in  order  to  ascertain  if  it  is  fitted  for  the  manufacture  of  a 
particular  powder,  to  have  it  previously  dried. 

It  is  found  in  practice  that  though  absolute  uniformity 
cannot  be  guaranteed  in  pressing,  very  close  results  can  be 
obtained.  To  attain  absolute  uniformity  in  the  finished 
powder,  the  density  of  every  pressing,  after  it  has  been  con- 
verted into  grain,  is  taken,  and  the  different  pressings  are 
then  mixed  in  the  proportions  to  give  the  density  required. 
Thus  if  the  density  fixed  for  the  powder  be  1.67,  and  the 
densities  of  the  pressings  be  found  to  be  1.70  and  1.64,  they 
would  be  mixed  in  equal  proportions,  and  would  give  a 
powder  of  1.67  density.  Powders  which  differ  to  a  great 
extent  in  density  are  never  mixed. 

1047.  GRAINING.  —  The   press-cake  must  now  be  con- 
verted into  the  particular  size  of  grain  required.     And  the 
means   employed   to   break   up   the   press-cake   must  be  so 
arranged  as  to  crush    it  up  as  nearly  as   possible   into  the 
size  or  sizes  of  grain  wanted,  without  reducing  much  of  it 
to  dust.     The  smaller  the  size  of  grain,  the  larger  will  be  the 
percentage  of  it  obtained  from  granulated  press-cake ;  hence 
with  the  small  size  of  grain  formerly,  used  with  cannon,  any 
of  the  older  and  ruder  appliances  for  effecting  granulation 
gave  good  percentage  of  grain.     But  as  recent  experiments 
have    conclusively   proved    that    much    larger-sized    grains 
should   be  employed  in  large    charges   for  heavy  ordnance, 
new  and  improved   granulating-machines   have    been   intro- 
duced. 

1048.  GRANULATING-MACHINE.  —  The  granulation  is  ef- 
fected by  passing  the  press-cake  between  revolving  toothed 
rollers  of  gun-metal.      The   machine    contains  four  pairs  of 
such  rollers  arranged  in  a  slanting  direction,  one  above  the 
other.     (Fig.  295.) 

These  rollers  are  set  in  the  two  strong  side-frames  of  gun- 
metal  which  form  the  framework  of  the  machine.  Each  pair 
is  adjusted  at  the  proper  distance  apart  by  set  screws ;  but 
the  back  roller  of  each  pair  works  in  a  sliding  bearing,  which 
is  kept  up  against  the  bearing  of  the  other  roller  by  a  weighted 
lever,  so  as  to  admit  of  the  rollers  opening  out  and  permitting 
an  excess  nf  material  to  pass  through  without  injury  to  the 
machine.  The  two  upper  pairs  of  rollers  have  coarser  teeth 
than  the  lower  pairs. 

Slanting  rectangular  sieves  or  screens  are  placed  under- 
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neath  each  of  the  three  upper  pairs  of  rollers  to  the  top  of 
the  next,  to  convey  any  fragments  which  escape  proper  crush- 
ing in  one  pair  into  the  teeth  of  the  next  pair.  Underneath 
the  whole  is  a  long  rectangular  frame  carrying  two  long 
screens  to  separate  the  proper  size  of  powder,  and  a  board 
underneath  to  receive  the  dust  and  carry  it  down  into  a  tub 
placed  to  receive  it.  Both  the  short  screens  and  the  long 
frame  are  attached  to  the  framework  of  the  machine,  and 
receive  a  vibratory  motion  by  means  of  appropriate  mechan- 


ism. 


Attention  must  be  paid  to  the  angles  at  which  the  differ- 
ent screens  are  placed ;  this  varies  in  different  machines,  and 
the  proper  inclination  can  only  be  ascertained  by  experiment. 
These  screens  will,  of  course,  require  to  be  changed  for  each 
different  size  of  powder  that  is  being  made. 


FIG.  295.  —  Granulating-machine.    (Elevation  and  Section.) 


A.  Hopper  with  Raising  Arrangement. 

B.  Endless  Band. 

CCCC.    The  4  pairs  of  Rollers. 
DDD.    The  Short  Screens. 


EE.    Long  Screen. 

F.  Box  for  J)ust. 

G.  Box  for  Grain. 

H.    Box  for  "  Chucks." 


1049.  Action  of  the  Machine.  —  The  general  action  of  the 
machine  will  be  understood  from  Fig.  295.  The  press-cake 
is  placed  in  a  hopper  at  the  back  of  the  machine,  and  carried 
up  by  means  of  an  endless  band  of  canvas  having  strips  of 
leather  sewed  to  it  to  catch  the  cake.  The  band  passes 
under  a  scraper  which  prevents  too  much  cake  being  car- 
ried up  at  once.  The  cake  falls  between  the  first  pair  of 
rollers,  which  work  at  a  speed  of  about  thirty  revolutions 
per  minute,  and  is  immediately  crushed  up  into  granular 
fragments  which  fall  in  the  first  short  screen.  The  whole 
of  the  grains,  except  the  fragments  which  are  too  large,  fall 
through  this  screen  directly  on  to  the  surface  of  the  upper 
long  screen  underneath,  and  fall  through  it  likewise  to  the 
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second,  which  permits  the  dust  and  minuter  particles  to  fall 
through  on  to  the  sloping  board  underneath,  down  which 
they  slide  into  the  tub  placed  to  receive  them,  but  which 
retains  the  proper  size  of  grain,  which  in  turn  rolls  down 
it  into  another  receptacle  at  the  bottom. 

The  larger  pieces  which  escaped  proper  crushing  in  the 
first  pair-  of  rollers  are  shaken  down  by  the  first  short  screen 
into  the  second  pair,  to  undergo  the  same  process  as  at  first, 
and  so  on  with  the  third  and  fourth  pairs  of  rollers.  Some 
fragments  of  too  coarse  a  size  will  escape  all  the  rollers,  and 
consequently  require  a  third  box  to  receive  them  in  front  of 
the  other  two  placed  to  receive  the  dust  and  grain  respec- 
tively. These  pieces,  termed  chucks,  require  to  be  passed 
through  the  machine  again. 

The  hopper  is  counterpoised  by  a  weight  suspended  to  a 
cord  passing  over  a  pulley,  and  as  the  cake  is  removed  the 
hopper  rises.  When  the  hopper  has  reached  the  limit  of  its 
travel  upwards,  and  all  the  cake  has  fallen  out  into  the  band 
and  been  conveyed  up  to  the  machine,  a  clutch  is  relieved 
which  stops  the  upward  travel  of  the  hopper,  and  a  bell  is 
rung*  in  the  watch-house  where  the  workmen  remain  during 
the  time  the  machine  is  working.  The  machine,  being  self- 
supplying,  requires  no  watching  when  working.  As  soon  as 
the  bell  rings,  the  workmen  re-enter  the  house  and  place  the 
grain  and  dust  in  tubs  ready  for  transmission  to  the  proper 
store-rooms. 

The  powder  of  the  proper-sized  grain  is  taken  to  the 
dusting-house,  but  the  dust  and  small  grains  are  taken  back 
to  the  mills,  to  be  worked  over  under  the  wheels. 

As  cannon  and  musket  powder  differ  in  other  respects 
besides  the  size  of  grains,  being  made  of  different  kinds  of 
charcoal  and  of  widely  differing  densities,  it  is  not  possible 
to  convert  the  small  grains  of  the  former  into  powder  of  the 
latter  class. 

1050.  Danger  of  the  Process.  —  To  judge  from  the  large 
proportion  of  accidents  which  take  place  in  granulating- 
houses,  the  process  would  appear  to  be  specially  dangerous. 
It  is  difficult  to  account  for  the  fatality  which  accompanies 
granulating-houses.  In  any  well-regulated  factory  the  oper- 
ation is  not  considered  to  be  any  more  dangerous  than  any 
of  the  other  processes,  but  statistics  show  beyond  doubt 
that  it  must  be  specially  dangerous.  The  probable  explana- 
tion appears  to  be,  that  if  there  has  been  any  negligence 
anywhere  in  keeping  fragments  of  foreign  matter  from  the 
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powder  as  it  progresses  through  the  various  stages  of  manu- 
facture, the  granulating-house,  in  which  the  powder  under- 
goes more  crushing  and  grinding  than  it  does  anywhere 
else,  and  where  there  are  a  number  of  metal  axles  and  bear- 
ings at  work,  is  the  place  where  such  negligence  will  most 
surely  tell. 

1051.  DUSTING  AND  GLAZING.  —  The  granulated  pow- 
der as  it  comes  from  the  machine  contains  amongst  it  a  large 
quantity  of  dust.  This  is  formed  by  the  crushing  action  of 
the  granulating-machine,  and  must  of  course  pass  through 
the  various  sieves  and  screens  with  which  the  machine  is 
provided  along  with  the  grain.  The  grain  itself  is  not  in  a 
condition  to  be  made  use  of  as  powder,  being  rough  and 
porous  on  the  surface  and  very  angular  in  shape ;  and  more- 
over, the  presence  of  a  large  quantity  of  fine  dust  amongst 
it  would  render  it  not  only  most  inconvenient  to  handle,  but 
would  also  render  it  more  liable  to  absorb  moisture,  and  to 
deteriorate. 

A  rough,  unpolished  angular  grain  would  also  very  speed- 
ily rub  down  into  dust,  if  subjected  to  much  shaking  in  trans- 
port. It  becomes  necessary,  therefore,  to  free  the  granulated 
powder  from  all  traces  of  dust,  and  to  polish  or  give  a  sur- 
face to  the  grains  themselves  to  enable  them  to  bear  a  great 
deal  of  friction  without  deterioration. 

Powder  is  freed  from  dust  by  placing  it  in  revolving  reels 
covered  with  cloth  or  wire-mesh  of  various  degrees  of  fine- 
ness, through  which  the  dust  escapes.  It  is  glazed  by  caus- 
ing the  grains  to  rub  against  each  other  in  revolving  wooden 
barrels.  The  extent  to  which  the  operations  of  dusting  and 
glazing  are  carried,  and  the  nature  of  the  appliances  used, 
depend  entirely  on  the  density,  hardness,  and  size  of  grain 
of  the  powder  operated  on. 

Large-grained,  dense,  hard  powder  will  bear  a  great  deal 
of  knocking  about  in  the  reels  without  becoming  disinte- 
grated and  forming  fresh  dust;  and  will,  moreover,  bear  a 
great  deal  of  friction  in  the  glazing-barrels,  acquiring  speed- 
ily a  high  degree  of  polish.  But  when  operating  on  a  small- 
grained,  soft  powder  of  low  density,  the  dusting  must  be 
carefully  conducted,  as  the  process  will  develop  as  much 
fresh  dust  as  it  removes;  and  the  amount  of  friction  the 
grains  will  bear  in  glazing  must  be  likewise  carefully  regu- 
lated. 

It  is  found  in  practice  that  powder  may  be  divided  into 
two  general  classes,  each  of  which  requires  different  treat- 
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ment  in  dusting  and  glazing,  viz.,  the  cannon-powder  of  all 
classes,  and  the  small-arm  poivder  of  all  classes.  The  former 
is  not  only  pressed  to  a  higher  density,  but  is  made  of  a 
larger  size  of  grain  ;  the  latter  generally  is  of  lower  density 
and  much  smaller  size. 

Modern  cannon-powder,  being  of  large-sized  grains  and 
of  firm  consistency,  admits  of  a  comparatively  open-meshed 
reel-covering  being  used  in  dusting,  and  of  the  process 
being  continued  as  long  as  required  without  risk  of  injury 
to  the  grain.  The  powder  can  therefore  be  rendered  per- 
fectly free  from  dust,  and  sufficiently  glazed  at  the  same 
time,  coming  out  of  the  reel  as  finished  powder  at  one  oper- 
ation. 

Glazing,  although  of  marked  advantage  to  the  finer  classes 
of  powder,  is  believed  to  be  highly  injurious  to  varieties 
approaching  mammoth  in  size,  for  the  reason  that  through 
the  action  of  wearing  away  at  one  point  and  building  up 
at  another,  the  powder  becomes  an  assemblage  made  up  of 
nuclei  of  about  the  density  sought,  incased  in  envelopes 
of  dust,  deposited  during  the  period  of  glazing,  and  of  very 
materially  lower  specific  gravity  than  the  rest  of  the  mass, 
although  the  average  or  apparent  density  may  be  as  desired ; 
this  causes  extreme  rapidity  of  combustion  in  the  outer 
strata  during  the  first  instants  of  burning,  followed  by  a  less 
rapid  development  of  gas  from  equal  surfaces  of  the  denser 
centre  toward  the  end  of  that  period. 

1052.  THE  DUSTING-REEL.  —  There  are  two  classes  of 
reels  in  use,  the  horizontal  and  the  slope,  the  former  usually 
employed  with  powder  of  large  grain,  and  the  latter  with 
fine-grain  powder.  Different  powders  take  different  lengths 
of  time  to  be  freed  from  dust,  and  require  different  descrip- 
tions of  reel-coverings.  It  is  impossible,  therefore,  to  lay 
down  exact  rules  in  such  matters,  and  it  would  be  tedious  to 
go  over  all  the  particulars  of  the  numerous  dustings  that  all 
kinds  of  powders  undergo. 

A  horizontal  reel  (Fig.  296)  consists  of  a  cylindrical 
skeleton  of  wooden  hoops  supported  on  a  shaft  by  radial 
arms,  the  skeleton  being  covered  with  canvas  or  wire  cloth. 
The  reels  are  made  in  halves  for  convenience  of  repair  and 
re-covering.  The  shaft  is  of  iron,  covered  with  wood ;  the 
radial  arms  are  of  gun-metal;  the  ends  are  formed  of  two 
short  disks  of  wood  screwed  vipon  the  shaft.  One  end  can 
be  unscrewed  and  drawn  back.  The  bearing  of  the  reel- 
shaft  next  this  movable  end  is  fixed  in  a  block  which  can.  be 
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lowered  if  necessary,  so  as  to  put  the  reel  for  the  time  being 
on  a  slope.  In  the  middle  of  the  reel  is  a  square  opening 
closed  with  a  wooden  door,  through  which  the  powder  is 
placed  in  the  reel,  being  run  through  a  hopper  at  the  top  of 
the  parallel  wood-casing  in  which  the  reel  is  placed  to  con- 
fine the  dust  which  escapes  from  it. 

Horizontal  reels  are  intended  to  receive  a  quantity  of 
powder  for  a  certain  length  of  time,  and  to  revolve  with  it, 
shaking  it  against  the  reel-covering,  and  thus  forcing  the 
dust  through  the  meshes.  When  a  reel  has  run  the  required 
time,  say  a  half-hour,  making  forty  revolutions,  with  a  charge 


FIG.  296.  —Horizontal  Reel.    (Section.) 

AA.    Reel-covering.  CC.    Movable  End.  E.    Hopper  for  loading. 

B.    Shaft.  D.    Opening  for  loading.  FF.    Reel-case. 

G.  Block  carrving  the  bearing  of  the  lower  end,  which  can  be  raised  or  lowered  by  means  of  the 
Rope,  K,  and  Lever,  JL. 

of  powder,  the  driving-wheel  is  made  to  revolve  very  slowly, 
the  end  of  the  reel  is  lowered  by  means  of  a  rope  and  lever, 
and  the  movable  end  of  the  reel  is  unscrewed  and  drawn 
back.  As  the  reel  slowly  revolves,  the  powder  runs  out  into 
a  hopper  and  is  conducted  into  the  barrels. 

Slope-reels  are  not  intended  to  retain  the  powder,  but 
only  to  extract  a  certain  portion  of  dust  as  it  runs  through 
them.  They  resemble  the  horizontal  reels  in  general  con- 
struction, except  they  have  no  ends,  and  the  shaft  is  set  at 
a  permanent  slope.  Each  reel  is  provided  with  a  feeding- 
hopper  at  its  upper  end ;  attached  to  which  is  a  loose  spout 
for  guiding  the  powder  into  the  reel. 
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1053.  THE  GLAZING-BARREL.  —  Glazing-barrels  consist 
of  large  strong  wooden  barrels  (Fig.  297)  supported  on  an 
iron  shaft  which  runs  through  their  centre.  The  barrels, 
two  of  which  are  generally  placed  in  line  on  one  shaft,  are 
made  of  oak,  and  are  about  5  feet  long  and  2£  in  diameter ; 
the  shaft  is  cased  with  wood  where  it  passes  through  the 
barrels.  Each  barrel  is  provided  with  a  small  square  door 
for  charging  arid  uncharging. 

The  barrels  are  found  to  be  peculiarly  well  adapted  for 
the  purpose,  owing  to  their  shape.  Formerly  wooden  cylin- 
ders with  straight  sides  were  used,  but  it  was  found  that  the 
different  sizes  of  grain  had  a  tendency  to  separate  in  them, 
xso  that  all  did  not  receive  an  equal  amount  of  polishing. 


FIG.  297. 

But  in  the  barrels,  which  are  larger  in  diameter  at  the  cen- 
tre, there  is  a  constant  intermingling  of  the  grain  and  a 
more  uniform  action. 

With  large-grained  powders  sometimes  a  little  graphite 
is  used  to  obtain  a  better  surface.  This  gives  a  fine  silvery 
surface  to  the  grain,  but  care  must  be  taken  to  use  the  proper 
description  of  black  lead.  This  is  really  an  impurity,  and 
should  therefore  be  sparingly  supplied  to  powder.  It  is 
never  used  with  any  of  the  fine  small-arm  powders,  but  only 
with  powders  intended  to  be  used  in  large  charges  and  with 
the  express  intention  of  giving  them  a  surface  which  will,  if 
any  thing,  retard  rather  than  quicken  ignition.  Inferior 
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blasting-powder  is  sometimes  polished  in  this  way  to  a  high 
degree  of  brilliancy,  but  the  lustre  is  no  test  of  its  quality. 

The  friction  of  the  grains  in  the  glazing-barrels  necessa- 
rily generates  a  good  deal  of  heat.  Some  of  the  fine-grain 
powders  which  require  a  long  time  in  glazing  come  out  so 
hot  as  hardly  to  admit  of  the  hand  being  plunged  in  them. 
In  all  cases  the  heat  generated  is  so  great  as  to  cause  the 
powder  to  part  with  almost  all  its  moisture ;  but  as  there  is 
little  or  no  escape  for  it,  it  condenses  on  the  interior  of  the 
barrels  and  forms  a  hard  coating  with  the  powder-dust. 
Glazing-barrels  are  now  fitted  with  ventilating-bungs  which 
open  at  each  revolution,  and  allow  the  heated  air,  surcharged 
with  moisture,  to  escape  ;  thus  preventing  "  sweating." 

The  glazing  process  not  only  polishes  the  grains,  but 
tends  to  rub  off  their  more  prominent  angles  and  to  bring 
them  to  a  rounded  form.  It  generates  a  little  dust,  and  re- 
quires, therefore,  a  second  dusting,  after  which  it  has  only  to 
be  dried  to  be  ready  for  use. 

1054.  DRYING.  —  The  drying-rooms  consist  of  large  cham- 
bers having  an  arrangement  of  steam-pipes  running  along  the 
floor,  and  provided  with  double  doors  which  can  be  closely 
shut,  and  with  ventilators  at  top  and  bottom  which  can  be 
closed  or  opened  from  without.     The  temperature  is  main- 
tained at  from  125°  to  130°  F.,  and  regulated  by  a  large  ther- 
mometer inside,  which  can  be  read  from  without. 

The  chambers  are  fitted  with  wooden  racks,  on  which  are 
placed  the  trays  containing  the  powder.  The  powder  is  gen- 
erally kept  one.  day  in  the  drying-room.  In  the  case  of  large- 
grain  powder,  when  withdrawn  it  is  placed  in  barrels  and 
headed  up  for  issue.  But  in  the  case  of  fine-grain  powders, 
a  third  dusting  is  sometimes  requisite  to  remove  all  traces  of 
dust  and  fit  them  for  service.  This  is  termed  finishing,  and 
is  done  in  a  horizontal  reel. 

The  necessity  for  drying  powder  of  the  larger  sizes  thor- 
oughly, and  so  slowly  as  to  in  no  way  affect  its  incorporation 
or  porosity,  is  apparent,  and  rules  essentially  different  from 
these  employed  in  treating  the  fine  powders  must  be  fol- 
lowed, or  the  sp.  gr.  will  be  ruinously  affected. 

Explosions  of  drying-rooms  are  comparatively  rare. 

1055.  SPECIAL  POWDERS.  —  On  the  introduction  of  the 
mammoth  modern  ordnance  it  became  apparent  that  the  ordi- 
nary powders  in  use  were  too  sudden  in  their  action  for  the 
power  of  the  guns.     This  led  to  the  making  of  special  pow- 
ders in  the  shape  of  prisms,  cylindrical  pellets,  spheres,  etc., 
with  a  view  of  modifying  the  explosiveness  of  the  charges. 
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Large-grain  powder  for  heavy  guns  was  first  adopted  in 
this  country  in  1861,  at  a  time  when  other  nations  continued 
the  use  of  small-grain.  This  great  improvement  in  the  mode 
of  manufacture  was  the  result  of  careful  study  and  experi- 
ment. The  invention  of  Rodman's  "perforated  cake,"  or 
prismatic  powder,  which  has  been  adopted  by,  and  is  now  in 
use  in,  both  Russia  and  Germany,  and  the  "  pebble  "  powder, 
similar  to  our  "mammoth,"  adopted  by  England,  created 
that  revolution  in  the  manufacture  of  gunpowder,  based 
upon  purely  scientific  principles  of  combustion  and  evolution 
of  gases,  that  has  enabled  all  nations  to  increase  the  size  of 
their  ordnance. 

The  question  of  variations  of  the  density  of  powder  and 
of  the  effect  which  such,  especially  when  combined  with  va- 
riations in  shape  and  size  of  grain,  could  not  fail  to  produce, 
soon  began  to  attract  general  attention.  Those  who  studied 
the  subject  soon  became  aware  of  the  immense  advantage  to 
be  derived,  not  only  from  increasing  the  density  of  powder, 
and  thereby  lessening  explosiveness  and  consequent  strain  on 
the  gun,  but  from  uniformity  of  density  and  shape  of  grain 
as  effecting  regularity  of  effect. 

1056.  Experiments  are  still  being  made  with  a  view  of 
determining  the    description   of   gunpowder  whose   employ- 
ment in  large  charges  is  attended  with  the  least  risk  of  over- 
straining the  heavy  guns  in  service. 

The  projecting  charge  should  be  so  related,  in  its  rate  of 
combustion,  to  the  form  of  the  gun  from  which  it  is  fired, 
that,  with  a  given  convenient  thickness  of  metal  and  length 
of  bore,  the  maximum  velocity  of  projectile  attainable  from 
such  gun  should  be  produced. 

In  comparing  one  gunpowder  with  another,  the  radical 
question  is,  which  contains  the  best  supply  of  gases,  and 
which  maintains  this  supply  most  advantageously  at  the  re- 
quired tension.  The  tension  may  be  too  low  as  well  as  too 
high ;  what  is  wanted  is  an  elastic  force  which  will  not  strain 
the  gun  more  than  is  needed  to  give  to  the  projectile  the 
required  terminal  speed. 

In  powder-making,  ability  to  reproduce  results  will  always 
be  the  important  question ;  so  many  disturbing  causes  tend 
to  affect  its  final  qualities  that,  after  every  precaution  has 
been  taken  to  remove  them,  perfect  uniformity  in  the  finished 
article  produced  from  day  to  day  cannot,  with  our  present 
means  and  knowledge,  be  surely  counted  upon. 

1057.  TERMS  APPLIED  TO  DIFFERENT  KINDS  OF  Pow- 
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DER.  —  Gunpowder  for  the  Naval  Service  is  known  and  des- 
ignated under  the  following  heads:  Hexagonal,  Mammoth, 
Rifle,  Cannon,  Torpedo,  Small-arm  and  Shell-powder;  classed 
according  to  the  size  of  the  grain. 

1058.     HEXAGONAL     POWDER,     manufactured    by    the 
Messrs.  DuPont,   has  been  produced  with  great  success  for 
several   years ;    and   the   first    sample    was 
tested   under    the    auspices    of   the    Naval 
Ordnance  Bureau.     The  uniform  success  of 
this  powder  led  to  its  adoption  for   guns 
likely    to    be    employed    against    armored 
ships. 

This  powder  is  about  0.7  inch  in  diame- 
ter (Fig.  298),  and  is  formed  from  mealed 
powder  into  cakes,  between  press-plates 
(Fig.  299).  The  cakes  thus  molded  are  broken  up  by 
machinery  to  form  individual  granules  of  the  form  conven- 
tionally known  as  hexagonal.  The  gravimetric  density  can 
be  considerably  varied  by  changing  the  distance  between 
adjacent  cavities  in  the  press-plates,  and  also  in  similar  cakes 
by  the  greater  or  less  amount  of  trimming  to  which  the  con- 
necting belt  is  subjected  in  breaking  up. 


FIG.  298. 


FIG.  299. 

1059.  MAMMOTH  POWDER.  —  This  is  an  irregular,  large- 
grained  powder  about  0.8  inch  in  diameter,  which  is  used  for 
large  charges  in  heavy  guns. 

The  large-grain  powder  greatly  diminishes  the  strain  on 
the  gun  in  producing  a  given  velocity,  from  that  due  to  ordi- 
nary cannon  powder,  because  of  the  longer  time  required  for 
the  complete  combustion  of  each  grain.  The  larger  the 
grain,  other  things  being  equal,  the  less  will  the  maximum 
exceed  the  mean  pressure,  and  the  greater  will  be  the  charge 
required  to  produce  a  given  velocity. 

1060.  PRISMATIC   POWDER,   or   perforated   cake-powder 
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(Fig.  §00).  —  This  is  ordinary  powder  made  in  the  form  of 
regular  hexagonal  prisms  about  one  inch  thick  and  0.8  inch 
in  the  side,  perforated  with  seven  holes  about  0.1  inch  in 
diameter. 

The  cakes  are  formed  by  placing  mealed  powder,  moist- 
ened sufficiently  with  water,  in  a  mold  of  the  proper  form, 
and  subjecting  it  to  the  required  pressure. 

In  making  up  charges  of  this  powder  the  prisms  are  built 

up  regularly  in  the  cartridge- 
bags  like  honeycomb,  which  are 
then  tightly  tied  at  the  mouth, 
so  that  the  grains  are  kept  in 
place.  These  perforations  thus 
form  long  tubes  through  the 
charge,  by  which  the  gas  per- 
meates the  whole  mass. 

This  powder,  originally  from 
the  United  States,  has  been  in- 
troduced into  the  German,  Rus- 
sian, and  Austrian  services,  and 
finds  many  advocates  elsewhere. 
This  form  of  powder  is  based  on 
the  theory  that  the  grains,  being 
ignited  through  the  perforations, 
burn  outwardly,  producing  a  pro- 
gressively increasing  surface  of 
ignition,  thereby  evolving  great- 
er volumes  of  gas,  as  the  velocity 
of  the  projectile  is  increased,  and 
the  space  through  which  the  gas 
develops  is  augmented ;  but  act- 
ual practice  in  service  has  de- 
monstrated the  fact  that  this  cannot  always  -be  depended 
upon.  A  slight  deviation  in  the  continuity  of  the  perfora- 
tions through  the  entire  charge,  or  a  want  of  precaution  in 
assuring  solidity  in  the  system,  may  cause  the  first  rush  of 
gas  to  break  the  grains  into  fragments,  when  they  will  be 
consumed  with  much  greater  rapidity  and  consequent  unsafe 
pressures. 

1061.  PEBBLE  POWDER.  —  The  adoption  of  mammoth 
powder  in  this  country  for  use  in  the  XV-inch  gun  led  a  few 
years  later  to  experiments  with  a  similar  powder  in  England, 
where  it  was  given  the  name  of  pebble  powder,  from  its 
resemblance  to  small  black  pebbles. 
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It  is  formed  of  large  grains,  ranging  from  i|-inch  to  as 
much  as  2-inch  cubes ;  and  the  press-cake  i£  cut  into  the 
required  dimensions  by  a  very  simple  self-acting  machine 
(Fig.  301). 

The  cake  as  brought  from  the  press-house  is,  to  begin 
with,  of  the  thickness  of  the  required  cubes ;  and  this  cake 
the  machine  has  to  cut  up,  first,  into  long  strips  of  the  same 
width  as  the  thickness  of  the  cake,  and  secondly,  to  cut 
these  long  strips  transversely  into  cubes. 


FIG.  301. 

1062.  This  is  accomplished  in  the  machine,  by  means  of 
two  pairs  of  rollers,  in  the  following  manner :  The  cake  is 
fed  into  a  hopper  placed  immediately  above  the  first  pair  of 
rollers ;  and,  as  these  are  provided  with  knives  upon  their  sur- 
faces, they  cut  the  cake  up  into  long  strips,  which  are  carried 
forward  to  the  second  pair  of  rollers,  where  they  are  cut 
transversely  into  cubes.  They  then  drop  into  a  spout,  and 
are  delivered  into  a  revolving  sifter,  which  carries  the  perfect 
cubes  into  wooden  boxes,  separate  from  the  dust  and  small 
pieces  which  fall  through  the  sifter. 

Two  plain  rollers,  A  and  B,  carry  the  endless  belts,  C  and 
D,  between  which  are  cross-strips  of  wood  projecting  suffi- 
ciently to  just  scrape  the  surface  of  the  board,  E.  A  second 
pair  of  rollers,  F,  G,  carries  the  endless  canvas  belt,  H.  The 
press-cake,  fed  between  the  fluted  rollers,  I,  J,  is  cut  into 
strips,  which  fall  on  to  the  board,  E,  between  two  adjacent 
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cross-pieces  of  the  belts,  C  and  D.  In  order  that  these  strips 
may  be  delivered  on  to  the  canvas  belt  well  separated  one 
from  the  other,  the  board  E  is  given  an  alternating  motion 
forward  and  backward,  the  velocity  being  the  same  as  that 
of  the  belts,  C  and  D.  From  this  it  results  that  the  strips 
remain  on  the  board  during  its  forward  motion,  but  com- 
mence to  be  swept  off  when  the  board  begins  to  recede,  land- 
ing on  the  canvas  in  an  echelloned  series,  as  shown  in  the 
figure.  As  the  strips  pass  endways  between  the  second  pair 
of  fluted  rollers,  K,  L,  they  are  broken  into  cubes. 

1063.  FOSSANO  POWDER.  —  The  "  progressive  powder  of 
Fossano,"  made  at  the  Italian  powder-mills  of  Fossano,  is  of 
peculiar  manufacture.     After  passing  through  the  first  stage 
of  manufacture,  and  being  brought  to  the  condition  of  meal 
powder,  it  is  pressed  into  a  cake  which  has  a  density  of  1.79. 
The  cake  is  then  broken  up  into  irregular  grains  of  about  an 
eighth  to  a  quarter  of  an  inch  in  thickness.     The  grains  are 
then  mixed  with  a  certain  quantity  of  fine-grain  powder,  and 
the  whole  mass  is  pressed  into  a  cake  which  has  a  density  of 
1.75.     This  second  cake  is  then   broken   up   into   tolerably 
regular   pieces  about  2|  inches  square  by  If    inches  thick. 
These  grains  are  therefore  composed  of  a  number  of  small 
pieces  with  a  higher  density  placed  in  a    sort   of  conglom- 
erated  powder  material   of  a   lower   density,  the    intention 
being  to  produce  more  gas  in  a  given  time,  when  the  powder 
has   been  partly  burned,  than  at  the  commencement  of  its 
ignition.     This  is  accomplished  by  the  lighter  powder  ignit- 
ing  first  and  producing  inequalities   or  indentations  in  the 
grains,  when  the  denser  portions  will  burn  with  an  increas- 
ing surface. 

The  Fossano  powder  has  given  remarkably  high  velocities 
with  moderate  pressures,  and  has  the  great  merit  of  cheap- 
ness and  simplicity. 

1064.  RIFLE  LARGE-GRAIN  powder,  or  "  R.  L.  G."  pow- 
der, is  an    English   service    powder,   in    grains    which    pass 
through  a  sieve  of  four  meshes,  but  are  retained  in  one  of 
eight  meshes  to  the  inch. 

1065.  MACHINES  FOR  MAKING  SPECIAL  POWDERS.  — 
The  fundamental   parts  of  every  machine  for  making  this 
class  of  powder  are  :  (1)  a  mold  in  which  to  place  the  pow- 
der-meal;   (2)    a  punch   accurately  fitting   the   mold,  with 
which   to    compress   the   powder ;    (3)    some   appliance   for 
pressing  the  finished  pellets  out  of  the  molds. 

1066.  A  safe  arrangement  for  combining  these  three  is 
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shown  in  Fig.  302.  A  is  a  small  charge  of  powder  placed  in 
the  mold ;  B,  a  punch  which  fits  it  accurately.  This  punch 
has  a  shoulder  on  it  on  which  it  .rests  loose  on  a  second  plate, 
C,  underneath  the  mold-plate.  The  lower  end  of  this  punch 


I1) 
FIG.  302. 


rests  on  the  .upper  surface  of  the  hydraulic  ram,  D.  An 
upper  descending  punch,  E,  of  larger  diameter  than  the 
mold,  can  be  brought  down  to  the  surface  of  the  mold-plate 
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either  by  a  screw  or  by  a  hydraulic  pressure,  so  as  to  close 
the  mold. 

With  such  an  arrangement  a  pellet  can  be  safely  made, 
firstly,  by  bringing  the  top  punch  down  on  the  plate,  and  fix- 
ing it  there  so  as  to  confine  the  powder ;  secondly,  by  raising 
the  lower  punch,  by  means  of  the  ram,  till  a  proper  amount  of 
compression  has  been  given  to  the  powder ;  thirdly,  by  stop- 
ping the  pressure  from  beneath  and  raising  the  upper  punch; 
and,  fourthly,  by  raising  the  finished  pellet  out  of  the  mold 
by  the  pressure  of  the  ram  underneath. 

1067.  It  is  plain  that  any  form  can  be  given  to  the  pellets 
by  altering  the  shape  of  the  molds  and  punches,  and  that 
hollows  or  perforations  can  be  made  in  the  pellet  if  required. 
There  is  no  difference  really  in  any  of  these  powders,  except 
in  the   shape.     A  machine  exactly  similar  to  this  could  be 
used  for  making  powder  into  hexagonal  prisms  perforated 
with  holes.     However,  machines  of  different  descriptions  are 
employed   in   different   countries   and   by  different   makers. 
Whatever  arrangement  is  used,  it  must  be  always  remem- 
bered that  the  only  safe  way  of  insuring  tolerable  uniformity 
of  density  is  to   compress  a  certain  amount  of  meal  into  a 
certain  space ;  and  that  giving  each  pellet  the  same  amount 
of  pressure  in  pounds  does  not  necessarily  turn  out  powder  of 
uniform  density. 

It  has  been  found  that  in  all  molds  having  a  fixed  bottom 
the  density  of  the  resulting  pellet  will  be  uneven  in  opposite 
faces,  so  that  in  modern  machines  the  powder-meal,  or  grains 
going  to  form  the  granule,  is  compressed  between  two 
approaching  dies. 

1068.  EXPLOSION.  — The  phenomenon  of  explosion  of 
gunpowder  may  be  divided  into  three  parts,  viz. :   ignition, 
inflammation,  and  combustion. 

By  ignition  is  understood  the  setting  on  fire  of  a  partic- 
ular part  of  the  charge  ;  by  inflammation,  the  spread  of 
ignition  from  grain  to  grain ;  and  by  combustion,  the  burn- 
ing of  each  grain  from  its  surface  to  centre. 

1069.  IGNITION.  —  Gunpowder   may  be   ignited   by   the 
electric  spark,  by  contact  with  an   ignited   body,   or  by  a 
sudden  heat  of  572°  F.     A  gradual  heat  decomposes  powder 
without  explosion,  by  subliming  the  sulphur.     Flame  will 
not   ignite    gunpowder   unless   it   remains   long    enough   in 
contact  with  the  grains  to  heat  them   to  redness.     Thus  the 
flame  from  burning  paper  may  be  touched  to  grains  of  powder 
without  igniting  them,  owing  to  the  slight  intensity  of  the 
flame  and  the  cooling  effect  of  the  grains. 
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It  may  be  ignited  by  friction,  or  a  shock  between  two 
solid  bodies,  even  when  they  are  not  very  hard.  Experi- 
ments show  that  gunpowder  may  be  ignited  by  the  shock  of 
copper  against  copper,  copper  against  iron,  lead  against  lead, 
and  even  lead  against  wood ;  in  handling  gunpowder,  there- 
fore, violent  shocks  between  all  solid  bodies  should  be 
avoided. 

The  time  necessary  for  igniting  powder  varies  according 
to  circumstances.  For  instance,  damp  powder  requires  a 
longer  time  than  powder  perfectly  dry,  owing  to  the  loss  of 
heat  consequent  on  the  evaporation  of  the  water ;  a  powder 
the  grain  of  which  has  an  angular  shape  and  rough  surface 
will  be  more  easily  ignited  than  one  of  rounded  shape  and 
smooth  surface  ;  a  light  powder  more  easily  than  a  dense  one. 

1070.  INFLAMMATION.  —  When  grains  of  powder  are 
united  to  form  a  charge,  and  fire  is  communicated  to  one  of 
them,  the  heated  and  expansive  gases  evolved  insinuate 
themselves  into  the  interstices  of  the  charge,  envelop  the 
grains,  and  ignite  them  one  after  another. 

This  propagation  of  ignition  is  called  inflammation,  and 
its  velocity,  the  velocity  of  inflammation.  It  is  much  greater 
than  that  of  combustion,  and  it  should  not  be  confounded 
with  it.  When  powder  is  burned  in  an  open  train,  fine 
powder  inflames  more  rapidly  than  coarse  ;  such,  however,  is 
not  the  case  in  fire-arms,  owing  to  the  diminution  of  the 
interstices.  If  a  charge  were  composed  of  mealed  powder, 
the  flame  could  no  longer  find  its  way  through  the  inter- 
stices, and  the  velocity  of  inflammation  and  combustion 
would  become  the  same. 

Now  supposing  one  grain  or  particle  alone  be  ignited,  it 
will  first  be  inflamed  over  its  whole  surface,  and  the  pro- 
gressive combustion  will  take  place  from  the  exterior  to  the 
interior.  Its  rate  of  combustion  will  therefore  depend  upon 
both  its  shape  and  size,  leaving  out  entirely,  for  the  present, 
the  question  of  density  and  hardness.  A  particle  of  spher- 
ical or  cubical  form  will  expose  less  surface  to  ignition  in 
proportion  to  its  volume  than  one  of  an  elongated  or  flat 
shape,  and  will  consequently  require  a  longer  period  for  the 
combustion  of  its  entire  mass ;  the  larger  the  particle,  also, 
the  longer  will  be  the  time  required  for  its  combustion. 

Looking,  then,  at  one  grain  of  powder  by  itself,  we  may 
say  that  the  larger  it  is,  and  the  more  nearly  its  form  ap- 
proaches a  sphere,  the  longer  will  its  combustion  take,  and 
the  slower  will  be  the  evolution  of  the  gas.  When,  however, 


502          NAVAL  ORDNANCE  AND  GUNNERY. 

we  come  to  regard  the  action  of  an  aggregation  of  such 
particles,  as  in  the  charge  of  a  gun,  the  rate  of  ignition  of 
the  whole  charge  is  also  affected  by  the  size  and  shape  of  the 
grain. 

The  part  of  the  charge  first  ignited  is  that  near  the  vent, 
and  the  remainder  is  inflamed  by  contact  with  the  heated 
gas  generated  by  the  combustion  of  this  portion,  so  that  the 
rate  of  ignition  of  the  whole  mass  will  be  regulated  by  the 
greater  or  less  facility  with  which  the  gas  can  penetrate 
throughout  the  charge,  which  is  itself  dependent  upon  the 
shape  and  size  of  the  interstices  between  the  grains.  If  the 
grains  be  spherical  and  regular  in  form,  the  interstices  will 
be  comparatively  large  and  uniform,  and  the  gas  will  pene- 
trate the  mass  with  facility ;  again,  the  larger  the  grains,  the 
larger  the  interstices  between  them.  If,  on  the  other  hand, 
they  be  flat  or  flaky  and  irregular  in  shape,  the  passage  of 
the  gas  will  be  more  difficult,  and  the  rate  of  inflammation 
of  the  charge  reduced. 

We  see,  therefore,  that  the  considerations  which  affect 
the  more  or  less  rapid  combustion  of  an  individual  grain  of 
gunpowder,  also  affect  the  rate  of  ignition  of  a  charge  of 
such  grains,  but  in  an  opposite  direction  ;  so  that  a  form 
of  grain  which  will  individually  burn  rapidly  may  offer  an 
increased  resistance  to  the  passage  of  the  heated  gas  through 
the  charge,  and  thereby  retard  its  ignition,  while  a  grain 
which  will  burn  more  slowly  may  allow  of  the  charge  being 
more  rapidly  ignited. 

By  varying  the  size  and  shape  of  the  grain  alone,  a 
powder  may  therefore  be  obtained,  a  charge  of  which  shall 
be  ignited  rapidly  throughout,  but  burn  comparatively 
slowly,  or  one  which  shall  be  ignited  more  slowly,  but  when 
once  inflamed  burn  very  rapidly.  It  is  necessary  to  draw  a 
clear  distinction  between  a  rapidly  igniting  and  a  quickly 
burning  powder. 

1071.  Ratio  of  the  Charge.  —  The  heat  developed  increases 
with  the  charge,  and  as  the  velocity  of  the  gases  increases 
with  their  temperature,  it  is  therefore  evident  that  a  large 
charge  is  consumed  quicker  than  a  small  one  ;  it  is  also  true 
that  the  loss  of  heat  absorbed  by  the  surface  of  the  bore   is 
much  less  sensible  when  the  charge  is  great  than  when  it    is 
small ;  that  is,  the  quantity  absorbed  is  proportional  to  the 
surface,  or  the  square  of  the  calibre  of  the  gun  and  the  heat 
developed  increases  as  the  cube  of  the  calibre. 

1072.  The  Resistance  to  be  overcome.  —  When  the  projec- 
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tile  offers  a  great  resistance  it  is  not  so  quickly  displaced  as 
when  the  resistance  is  slight ;  its  motion  in  the  first  instance 
is  then  less  rapid,  and  it  evidently  follows  that  the  inflamma- 
tion takes  place  in  a  space  more  confined  as  the  resistance  to 
be  overcome  is  greater.  The  smaller  this  space  is,  the  more 
heat  is  concentrated,  the  higher  the  temperature  of  the  gases 
is  raised,  and  consequently  their  velocity  is  increased,  the 
inflamed  gases  have  a  less  distance  to  expand  through,  and 
there  follows  from  all  these  causes  a  train  of  effects  which 
accelerates  the  inflammation  of  the  charge. 

1073.  The   Place  where  the  Fire  is  communicated  to  the 
Charge.  —  When  a  quantity  of  powder  is  contained  in  an  en- 
closed space,  all  the  sides  of  which  offer  an  equal  resistance, 
it  is    evident    that   the  complete    inflammation  will  be  the 
quickest  possible  when  the  fire  is  applied  to  the  centre  of  the 
charge. 

In  cannon,  however,  the  force  developed  does  not  meet 
with  the  same  resistance  in  all  directions ;  the  projectile 
yields  as  soon  as  sufficient  force  acts  upon  it,  and  as  the  com- 
bustion of  the  powder  requires  a  definite  interval  of  time,  it 
follows  that  a  great  part  of  the  charge  is  not  consumed  until 
after  the  displacement  of  the  projectile. 

Now  the  position  of  the  interior  orifice  of  the  vent  may 
influence  the  time  required  to  displace  the  projectile,  arid 
this  influences  the  inflammation  of  the  charge.  For  example, 
with  the  regulation  vent,  it  is  the  upper  part  of  the  charge 
which  first  takes  fire ;  the  inflammation  is  communicated  to 
the  adjacent  parts  and  promptly  reaches  the  projectile  ;  the 
gases  expanding  displace  it,  and  the  inflammation  takes  place 
in  a  larger  space  than  that  at  first  occupied  by  the  charge. 

The  glazing  of  the  grains  facilitates  the  rapid  transmission 
of  the  flame  through  the  mass. 

1074.  COMBUSTION.  —  The  velocity  of  combustion  is  the 
space  passed  over  by  the  surface  of  combustion  in  a  second 
of  time,  measured  in  a  direction  perpendicular  to  this  sur- 
face.    The  diameter  of  the  grains  in  "  cannon  powder  "  does 
not  exceed  0.15  inch  ;  the  time  required  for  combustion  of 
such  grains,  therefore,  is  altogether  too  transient  to  be  ascer- 
tained by  direct  observation. 

The  velocity  of  combustion  may  be  determined  by  com- 
.pressing  the  powder  composition  into  a  tube  and  burning  it, 
or  by  burning  the  press-cake.  In  the  latter  case,  take  a  prism 
of  the  cake  of  convenient  length  and  about  one  inch  square 
at  the  base,  smear  the  sides  with  hog's-lard  arid  place  it  on 
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end  in  a  shallow  dish  of  water.  The  object  of  the  lard  is  to 
prevent  the  spread  of  the  flame  to  the  sides,  and  the  water 
is  to  prevent  the  lower  end  from  being  ignited  by  burning 
drops  of  powder.  Set  the  upper  end  on  fire,  and  note  the 
time  of  burning  of  the  column  with  a  stop-watch  beating 
tenths  of  seconds. 

In  either  way  it  will  be  shown  that  the  composition,  if 
homogeneous,  burns  in  parallel  layers,  and  that  the  velocity 
of  combustion  is  uninfluenced  by  the  size  of  the  columns  or 
by  the  temperature  and  pressure  of  the  surrounding  gas. 

Now  take  a  spherical  grain  of  powder  of  homogeneous 
structure,  and  so  hard  pressed  that  the  gas  cannot  penetrate 
it.  Apply  fire  to  any  part  of  its  surface  ;  the  flame  will 
immediately  envelop  it,  and  burn  away  the  first  spherical 
layer ;  the  radii  of  the  grain  undergoing  equal  reductions  in 
equal  successive  portions  of  time.  Then  at  the  end  of  half 
the  time  required  for  the  total  combustion  of  the  whole 
grain,  there  will  remain  unconsumed  a  sphere  of  which  the 
radius  is  one-half  the  original  radius,  but  the  volume  will  be 
only  one-eighth  the  original  volume  (spheres  being  to  each 
other  as  the  cubes  of  their  radii).  At  this  epoch,  therefore, 
seven-eighths  of  the  grain  will  have  been  consumed. 

It  will  be  seen  from. this,  that  for  equal  intervals  of  time, 
those  taken  in  the  first  period  of  combustion  give  forth  very 
much  larger  amounts  of  gas  than  those  taken  in  the  last, 
and  that  with  a  charge  of  such  grains  the  gas  is  evolved  in 
the  inverse  order  desired :  the  evolution  being  greatest  while 
the  velocity  of  the  projectile  is  least,  and  least  while  that 
velocity  is  the  greatest ;  thus  giving  rise  to  excessive  pres- 
sure at  and  near  the  seat  of  the  charge.  This  may  be 
remedied  in  some  degree  by  increasing  the  size  of  the  grain, 
the  effect  of  which  will  be  to  diminish  the  amount  of  gas 
evolved  in  the  first  instant  of  time,  and  thereby  diminish  the 
pressure  in  the  gun. 

1075.  It  may  be  shown  by  direct  experiment  that  the 
burning  of  a  grain  of  powder  in  a  fire-arm  is  progressive, 
and  that  the  size  of  the  grain  exerts  a  great  influence  on  the 
velocity  of  the  projectile.  For  instance,  if  one  piece  of  the 
press-cake  were  placed  in  a  small  mortar  and  fired,  little  or 
no  motion  would  be  given  to  the  projectile.  If  this  piece 
be  divided  into  seven  or  eight  parts,  the  projectile  will  be 
thrown  a  short  distance ;  and  by  increasing  the  number  of 
the  parts  or  grains,  so  will  the  effect  of  the  powder  on  the 
projectile  also  increase. 
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The  progressive  burning  of  powder  is  further  confirmed 
by  the  fact,  that  burning  grains  are  sometimes  projected  from 
the  gun  with  sufficient  force  to  perforate  screens  of  paper 
and  wood  at  considerable  distance.  It  is  even  found  that 
they  arc  set  on  fire  in  the  gun  and  afterward  extinguished  in 
the  air  before  they  are  completely  consumed.  The  large 
grains  of  powder  used  in  the  XV-inch  gun  are  sometimes 
thrown  out  burning  to  a  distance  of  one  hundred  yards. 

1076.  THE  VELOCITY  OF  COMBUSTION  VARIES  with  the 
purity,  proportions,  trituration,  density,  and  condition  of  the 
ingredients,  also  with  the  pressure  under  which  the  powder 
is  burned. 

Purity  of  Ingredients.  —  To  secure  the  greatest  velocity 
of  combustion,  it  is  necessary  that  the  nitre  and  sulphur 
should  be  pure  or  nearly  so. 

This  can  always  be  effected  by  a  proper  attention  to  the 
prescribed  modes  of  refining ;  but  with  charcoal  it  is  differ- 
ent, for  the  part  which  it  plays  in  combustion  depends  upon 
certain  characteristics  which  are  indicated  by  its  color  and 
texture.  The  velocity  of  combustion  will  be  greater  for  red 
charcoal  than  for  that  which  is  black  and  strongly  calcined ; 
and  for  light  and  friable  charcoal,  than  that  which  is  hard 
and  compact. 

1077.  Proportions.  —  By  varying  the  proportions  the  ve- 
locity of  combustion  is  varied. 

The  increase  of  sulphur  tends  to  make  a  more  violent 
explosion  and  a  more  quickly  kindling  mixture,  as  the  sul- 
phur is  the  kindling  ingredient.  Too  much  charcoal  causes 
too  slow  burning.  The  diminution  of  the  sulphur  or  nitre 
checks  the  rapidity  of  combustion,  but  may  be  made  up  by 
using  more  inflammable  charcoal.  The  quality  of  the  char- 
coal is  powerfully  affected  by  the  temperature  at  which  it  is 
made.  That  made  at  a  low  temperature,  or  red  charcoal, 
contains  more  hydrogen  and  less  carbon,  is  more  inflam- 
mable, and  burns  more  rapidly,  but,  from  its  smaller  propor- 
tion of  carbon,  must  be  used  in  greater  quantity.  It  may  be 
said  that  the  charcoal  is  the  varying  ingredient ;  so  that  the 
porportions  used  at  any  time  will  depend  upon  the  quality  of 
the  charcoal.  In  all  naval  powder,  great  care  is  taken  to 
get  a  uniform  quality  of  black  coal,  giving  the  nearest 
attainable  approach  to  pure  carbon. 

1078.  Trituration.  —  Gunpowder,   unlike    mtro-glycerine, 
fulminate    of  mercury,  and  other  detonating  substances,  is 
not  a  chemical  compound  but  only  a  mechanical  mixture. 
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By  the  incorporating  process  during  manufacture  the  three 
substances  of  which  powder  is  composed  are  so  intimately 
mingled  that  the  eye  cannot  detect  the  presence  of  any  par- 
ticular one.  They  are,  notwithstanding,  only  mixed,  and 
the  saltpetre  can  be  readily  dissolved  out  by  water,  or  the 
sulphur  sublimed  in  the  form  of  a  vapor,  by  the  application 
of  a  moderate  heat,  leaving  in  either  case  the  other  two  in- 
gredients chemically  unchanged.  The  more  intimate  the 
mixture,  the  more  nearly  does  gunpowder  approach  to  a 
chemical  compound,  and  the  more  violent  is  its  combustion ; 
but  there  always  must  remain  a  vast  difference  between  the 
most  complete  mechanical  mixture  and  the  most  unstable 
chemical  compound.  For  this  reason  the  combustion  of 
gunpowder  is  only  very  rapidly  progressive  and  not  instanta- 
neous, as  is  the  case  with  the  violent  explosives  mentioned 
above.  It  is  this  difference  that  renders  gunpowder  so  valu- 
able as  a  propelling  agent,  for  were  it  not  for  its  compara- 
tively mild  action,  no  gun  could  be  made  sufficiently  strong 
to  resist  its  force.  The  material  of  the  cannon  would  be 
broken  before  the  inertia  of  the  projectile  could  be  overcome. 

1079.  Density.  —  The  density  and  hardness  of  the  grains 
of  powder  are  of  quite  as  vital  importance  as  their  size  and 
form,  in  determining  the  rate  of  ignition  and  combustion  of 
a  charge. 

By  density  is  meant  the  quantity  of  powder  actually 
present  in  a  given  bulk. 

It  is  important  that  this  quality  should  not  be  confounded 
with  hardness.  A  substance  may  be  very  hard  and  yet  be 
of  a  low  density.  A  powder  with  a  very  hard  surface  may 
be  really  less  dense  than  another,  the  surface  of  which  is 
softer.  Of  course  very  high  density  cannot  be  communicated 
without  producing  a  considerable  degree  of  hardness;  but 
powder  can  be  made  hard  without  rendering  it  very  dense, 
by  pressing  the  dust  in  a  comparatively  dry  state. 

1080.  Hardness  seems   to   beai*  a   direct  relation  to  the 
power    exerted    in    compressing,   while    density   does    not. 
Powder-dust,  at  a  high  degreee  of  moisture,  say  6  per  cent., 
can  be  made  very  dense  by  application  of  moderate  pressure, 
while  that  of  1  per  cent,  can  only  be  brought  to  the  same 
point  in  density  by  the  exertion  of  enormous  force.     Of  the 
two  the  latter  will  be  the  harder  powder. 

1081.  EXPLOSIVE   FORCE.  —  By  using  a  slower  burning 
powder  less  heat  and  pressure  are  evolved  at  first,  and,  the 
waste  of  heat  in  the  stage  of  initial  pressure  being  less,  more 
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heat  remains  for  expansive  action.  Hence  the  slower  burn- 
ing powder  is  weaker  at  first,  but  stronger  afterwards ;  and 
although  the  total  quantity  of  gas  be  only  the  same  and  the 
pressure  not  so  great  at  any  point,  yet  the  aggregate  pres- 
sure throughout  the  bore  may  equal  that  of  the  more  ener- 
getic and  more  dangerous  powders. 

The  question  of  the  instantaneous  explosion  of  gun- 
powder is  one  of  extreme  importance,  for,  independently 
of  the  increase  of  the  actual  amount  of  pressure  which  it 
would  cause  in  a  gun,  this  pressure  when  suddenly  applied 
will  have  twice  the  destructive  effect  that  the  same  pressure 
would  have  if  slowly  applied. 

The  objects  to  be  attained  in  regulating  the  size  and 
density  of  the  grains  are,  the  greatest  possible  velocity  of 
projectile  combined  with  the  least  strain  on  the  gun.  These 
cannot  be  obtained  by  one  set  of  conditions  for  all  natures 
of  ordnance.  A  small  projectile  moves  quickly,  and  relieves 
the  strain  in  a  still  greater  ratio.  A  heav}7"  projectile  not 
only  moves  slowly,  but  even  a  considerable  motion  does  not 
relieve  the  strain  in  a  proportionate  manner,  because  the 
column  of  powder  is  larger  in  a  large  gun  than  in  a  small 
gun.  With  small-arms,  consequently,  we  must  use  fine-grain 
powder,  but  large-grain  powder  with  heavy  guns. 

1082.  FIRED  GUNPOWDER.  —  The  .late  researches  of 
Captain  Noble  and  Mr.  Abel  on  fired  gunpowder  have  re- 
sulted in  certain  important  conclusions.  From  them  it  ap- 
pears that  the  permanent  products  of  fired  gunpowder  are 
only  43  per  cent,  of  gas  and  57  per  cent,  of  matter,  which 
ultimately  assumes  a  solid  form. 

The  temperature  of  the  explosion  is  about  4000°  Fahren- 
heit, and  though  much  of  the  heat  is  spent  in  performing  the 
work  of  moving  the  shot  or  conducted  away  by  the  metal, 
so  that  the  expanded  gases  would  contract  and  lose  a  great 
deal  of  their  power,  the  matter  which  will  ultimately  be  solid 
but  is  at  the  moment  of  explosion,  fluid,  by  reason  of  the 
great  heat,  gives  up  much  of  its  heat  when  coming  to  the 
solid  form,  and  thus  keeps  up  the  temperature  of  the  gases, 
causing  them  to  retain  their  high  expansion. 

These  gases,  if  allowed  to  cool  down  to  a  freezing  tem- 
perature, would  occupy  about  280  times  the  bulk  of  the  pow- 
der they  sprang  from. 

The  tension  of  the  products  of  combustion,  when  the 
powder  entirely  fills  the  space  in  which  it  is  fired,  is  about 
6400  atmospheres,  or  about  42  tons  per  square  inch. 
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Therefore,  if  no  air-space  be  left  and  the  shot  be  delayed 
until  the  powder  is  entirely  consumed,  there  will  be  a  press- 
ure everywhere  within  the  powder-chamber  of  42  tons  in 
each  square  inch  of  the  interior. 

1083.  From  the  results  of  their  experiments  they  formed 
a  table  (Art.  1085),  which  shows  the  greatest  amount  of  work 
in  projecting  a  shot  that  can  be  obtained  per  pound  of  pow- 
der from  a  charge  in  any  gun.     When  the  charge  is  fired,  it 
begins  to  push  the  shot  forward.     If  the  gun  is  very  short, 
so  that  the  shot  can  escape  from  the  pressure  at  once,  the 
velocity  given  to  it  will  be  small.     Thus,  within  practical 
limits,  the  longer  a  projectile  is  kept  under  the  influence  of 
the  fired  charge,  the  greater  will  be  the  velocity. 

In  the  table  formed,  this  is  taken  into  account,  and  the 
interior  of  the  gun  measured  by  the  number  of  times  it  will 
contain  a  given  charge ;  these  multiples  of  the  bulk  of  the 
charge  are  called  volumes  of  expansion.  Thus,  if  a  charge  be 
one  foot  long  and  the  whole  bore  of  the  gun  ten  feet  long, 
there  will  be  ten  volumes  of  expansion ;  and  looking  at  the 
table,  we  find  that  each  pound  of  powder  will  give,  if  it 
exerts  its  whole  force,  about  107  foot-tons  of  work,  which  is 
stored  up  in  the  shot  and  ready  to  be  exerted  on  the  target. 
Multiplying  by  the  number  of  pounds  in  the  charge,  we  find 
the  maximum  work  which  the  whole  charge  is  capable  of 
performing. 

1084.  Of  course  this  maximum  effect  is  only  approxi- 
mate, as  part  of  the  force  of  the  powder  is  lost  in  different 
ways,  chiefly  by  its  giving  away  part  of  its  heat  to  the  gun. 

Therefore  a  certain  percentage,  different  for  each  gun, 
must  be  deducted,  and  this  percentage  of  loss  is  less  in  large 
guns  than  in  small. 

So  for  actual  use  it  is  necessary  to  multiply  the  work  by 
a  fraction,  dependent  upon  the  nature  of  the  powder,  the 
mode  of  firing  it,  the  weight  of  the  shot,  etc.,  but  in  service 
powders  fired  under  the  same  circumstances  the  factor  will 
not  vary  much. 

Thus  it  is  possible,  before  a  gun  has  been  fired,  to  calcu- 
late the  effect  which  different  charges  will  produce,  and  to 
predict  with  considerable  accuracy  the  velocity  of  the  projec- 
tile. 

1085.  Table  giving  the  total   work   that   gunpowder   is 
capable  of  performing  in  the  bore  of  a  gun,  in  kilogramme- 
tres  per  kilogramme  and  foot-tons  per  Ib.  of  powder  burned, 
in  terms  of  the  density  of  the  products  of  explosion : 
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Total  Work  that  the  Gunpowder  is  capable 

of  Realizing. 

Density 
of  Products  of 
Combustion. 

Number  of  Volumes  of 
Expansion. 

Per  Kilogramme  burned, 
in  Kilogrammetres. 

Per  Lb.  burned, 
in  Foot-tons. 

.95 

1.0526 

3210.8 

4.70 

.90 

1.1111 

6339.6 

9.29 

.85 

1.1768 

9412.8 

13.79 

.80 

1.2500 

12443.3 

18.23 

.75 

1.3333 

15460.8 

22.65 

.70 

1.4286 

18488.1 

27.08 

.65 

1.5385 

21544.9 

31.56 

.60 

1.6667 

24650.8 

36.11 

.55 

1.8182 

27841.9 

40.78 

'    .50 

2.0000 

31153.7 

45.62 

.45 

2.2222 

34614.0 

50.70 

.40 

2^5000 

38290.0 

56.08 

.35 

2.8571 

42234.7 

61.86 

.30 

3.3333 

46565.9 

68.21 

.25 

4.0000 

51414.8 

75.31 

.20 

5.0000 

57031.7 

,  83.53 

.17 

5.8824 

60952.1 

89.35 

.16 

6.2500 

62368.1 

91.45 

.15 

6.6667 

63884.4 

93.64 

.14 

7.1429 

65470.1 

95.94 

.13 

7.6923 

67138.4 

98.39 

.12 

8.3333 

68940.1 

101.00 

.11 

9.0909 

70855.4 

103.82 

.10 

10.0000 

72903.7 

106.87 

.9 

11.1111 

75214.5 

110.18 

.8 

12.5000 

77679.9 

113.81 

.7 

14.2857 

80462.1 

117.85 

.6 

16.6667 

83582.1 

122.42 

.5 

20.0000 

87244.4 

127.79 

Section  IV.  —  Inspection  of  Gunpowder. 

1086.  INSPECTION  AND  PROOF  OF  GUNPOW- 
DER. —  Certain  defined  physical  and  mechanical  properties 
are  essential  in  all  classes  of  military  powder,  and  in  order 
that  any  uniform  standard  of  results  may  be  maintained,  it 
is  necessary  that  means  for  determining  these  points  with 
great  accuracy  and  precision  should  be  provided. 

In  the  inspection  and  proof  of  a  finished  sample,  the 
most  important  determinations  to  be  made  are  — 

1.  The  proportions  of  ingredients  ; 

2.  The  purity  of  ingredients ; 
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3.  The  moisture,  and  resistance  to  same ; 

4.  The  thoroughness  of  the  work  of  incorporation ; 

5.  The  granulation  and  hardness  ; 

6.  Gravimetric  density,  loose  and  settled,  as  giving  the 
relative  air-space  and  different  samples ; 

7.  The  specific  gravity ;  and 

8.  The  firing-proof  in   standard   charges    from    service- 
guns. 

1087.  ANALYSIS     OF     GUNPOWDER.  —  Proportions.  - 
Five  grammes  of  the  sample  to  be  examined  are  pulverized, 
and  placed  in  a  glass  beaker,  containing  about  eight  ounces 
of  distilled  water,  which  is  then  stirred  rapidly  with  a  glass 
rod  for  about  one  minute,  and  allowed  to  settle.     When  the 
upper  portion  of  the  liquid  becomes  clear,  it  is  tested  for 
acids  with  litmus  paper,  and  for  alkalies  with  turmeric  paper. 

By  successive  decantations  and  washings,  nearljr  all  of 
the  finely  divided  charcoal  and  sulphur  is  removed;  the  resi- 
due is  then  dried,  and  examined  under  the  microscope  for 
coarse  particles  of  charcoal  and  sulphur,  and  for  foreign  sub- 
stances. 

1088.  Determination  of  the  Moisture.  —  Three  grammes  of 
the  powder  (ground  fine)  are  placed  in  a  small  thin  dish  or 
a   watch-crystal,   and   thoroughly   dried   in   a    drying-stove. 
Before  making  the  final  weighing,  the  powder  is  tightly  cov- 
ered with  a  watch-glass  to  prevent  the  absorption  of  mois- 
ture during  the  weighing  process.     The  weights  of  the  dish 
and  cover  being  known,  the  loss  of  weight  due  to  the  mois- 
ture contained  in  the  powder  is  found,  and  recorded  as  a  per- 
centage of  the  undried  powder. 

1089.  Determination     of     the     Sulphur.  —  The     three 
grammes  of  dried  powder  are  placed  in  a  pipette,  at  the  nar- 
row part  of  which  is  a  small  loose  wad  of  jgm&etl  asbestos 
(the  pipette  and  asbestos  wad  having  been  weighed),  and  the 
weight  is  carefully  found  again.    The  pipette  is  then  inserted 
into  a  hole  in  the  cork  of  a  small,  weighed  flask,  and  the 
powder  is  treated  with  50  c.  c.  of  rectified  bisulphide  of  car- 
bon.    The  pipette  and  cork  are  removed,  the   flask  is   re- 
corked,  and  the  bisulphide  of  carbon  is  distilled  off  through 
a  long  glass  tube  for  future  use. 

During  the  distillation  a  sand-bath  is  used,  and  care  is 
taken  not  to  allow  it  to  become  too  warm,  the  flask  being 
raised  above  the  sand,  and  the  distillation  allowed  to  proceed 
very  slowly  at  the  end  of  the  process.  The  percentage  of 
sulphur  is  calculated  from  the  weight  thus  obtained.  One- 
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tenth  of  one  per  cent,  is  added  to  the  amount  of  sulphur, 
as  that  quantity  generally  remains  in  the  powder  after  treat- 
ment with  bisulphide  of  carbon. 

1090.  Determination   of  the  Nitre.  —  The  pipette,  which 
contains  the  residue  from  the  previous  process,  is  fixed  in 
a  small,   weighed   flask,   as   before,  and   that   portion  of  it 
which  is  above  the  cork  is  wrapped  with  muslin.     The  tube 
of  the  flask  is  connected  with  an  air-pump  (by  means  of  a 
rubber  tube),  and  the  contents  of  the  pipette  are  treated 
with  40  c.  c.  of  distilled  water,  the  air-pump  being  worked 
cautiously,  so  as  to  cause  the  water  to  pass  into  the  flask  by 
drops. 

To  prevent  crystallization  of  the  disolved  nitre  in  the 
narrow  part  of  the  pipette,  cold  water  is  used  at  first,  then 
warm  water,  and,  finally,  hot  water.  The  muslin  sur- 
rounding the  pipette  is  drenched  with  water  of  the  same 
temperature  as  that  employed  for  dissolving  out  the  nitre. 
When  the  flask  contains  40  c.  c.  of  the  nitre  solution,  the 
pipette  is  removed,  and  the  water  in  the  flask  is  carefully 
evaporated  on  a  sand-bath,  the  flask  being  occasionally 
removed  from  the  bath  and  cooled  as  the  solution  becomes 
saturated ;  when  the  nitre  is  crystallized  it  is  heated  until 
both  it  and  the  flask  are  thoroughly  dried.  The  weight  of 
the  nitre  is  then  obtained,  and  recorded  in  percentage  of  the 
powder. 

1091.  Determination  of  the  Charcoal.  —  The  asbestos  wad 
and  a  large  portion  of  the  charcoal  are,  by  means  of  a  wire, 
pushed  out  of  the  pipette  into  a  weighed  watch-glass,  and 
both  pipette  and  watch-glass,  with  their  contents,  are  dried 
and  weighed.     As  the  weight  of  the  pipette,  asbestos,  and 
watch-glass  are  known,  the  weight  of  the  charcoal  is  readily 
obtained,  and  expressed  in  percentage  of  the  powder. 

The  amount  added  to  the  sulphur  is,  of  course,  deducted 
from  the  charcoal. 

Having  now  obtained  the  sulphur,  nitre,  and  charcoal, 
further  tests  are  made  to  ascertain  if  these  several  ingre- 
dients are  of  standard  quality. 

1092.  PURITY  OF  INGREDIENTS.  —  The  impurities  looked 
for  in  the  sulphur  are  sulphurous  and  sulphuric  acids,  and  the 
behavior  of  the  litmus-paper  in  the  preliminary  examination 
is  taken  as  a  test  of  their  presence.    A  sample  of  the  sulphur 
obtained  direct  from  the  powder-mill  gives  the  only  accurate 
tests  of  purity. 

A  saturated  solution  of  the  nitre  obtained  by  analysis  is 
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examined  for  chlorides  by  the  gradual  addition  of  a  solution 
of  one  part  of  nitrate  of  silver  in  100  parts  of  distilled  water. 
When  precipitation  ceases,  the  liquid  is  filtered  and  tested 
with  sodic  chloride  for  excess  of  the  precipitant. 

The  quantity  of  nitrate  of  silver  solution  required  to 
precipitate  the  chlorides  when  they  amount  to  one  three- 
thousandth  part  (the  limit  allowed)  is  approximately  one- 
tenth  of  the  quantity  of  nitre  in  solution. 

A  solution  of  the  nitre  is  also  tested  for  sulphuric  acid 
with  chloride  of  barium  ;  for  lime,  with  oxylate  of  ammonia, 
and  for  sodium,  by  the  flame-test.  If  there  are  indications 
of  the  presence  of  soda-salts,  the  amount  of  sodium  is 
determined  (after  Freseriius). 

The  charcoal  is  examined  for  red  charcoal,  or  imperfectly 
carbonized  wood,  by  boiling  a  portion  of  it  in  a  solution  of 
caustic  potash,  filtering  and  washing  out  the  alkali  with  dis- 
tilled water,  drying  and  weighing.  The  loss  in  weight  shows 
the  amount  of  hydro-carbons,  plus  the  very  small  quantity 
of  sulphur  which  remained  with  the  charcoal.  The  turmeric- 
paper  test  in  the  preliminary  examination  shows  if  there  is 
an  unusual  amount  of  alkali  in  the  charcoal. 

Analysis  of  samples  selected  from  different  lots  of  the 
several  ingredients,  by  the  inspector  at  the  mills,  gives  more 
reliable  results  in  regard  to  the  qualities  of  the  materials 
used  than  those  obtained  by  the  analysis  of  the  finished 
powders. 

In  order  to  reduce  the  results  of  analysis  to  the  same 
basis  for  comparison,  the  percentages  are  finally  recorded  as 
follows : 

The  moisture  in  per  cent,  of  the  powder  in  its  ordinary 
state,  i.e.,  before  drying  for  analysis ;  the  nitre,  charcoal,  and 
sulphur  in  per  cents,  of  the  dried  powder ;  the  variations  in 
the  amount  of  moisture  .contained  in  the  powder,  which  are 
often  due  to  causes  for  which  the  manufacturers  are  not 
responsible,  —  are  therefore  not  allowed  to  affect  the  deter- 
mination of  the  percentages  of  the  nitre,  charcoal,  and 
sulphur. 

1093.  MOISTURE,    AND    RESISTANCE    TO   MOISTURE.— 
The  amount  of  moisture  in  the  powder  under  examination 
is  determined  by  drying  several  samples  of  100  grammes  in  a 
water-bottomed  oven.     (Fig.  303.) 

This  consists  of  a  vessel  of  tin,  double-walled,  except  in 
the  face  containing  the  door,  and  fitted  at  the  top  with  an 
aperture  for  the  introduction  of  water;  the  door  is  also 


EXPLOSIVE    AGENTS. 


513 


^ 


double,  the  inner  skin  having  several  perforations  at  the 
bottom  and  top,  in  order  to  provide  for  the  escape,  through 
vents  at  the  edges  of  the  door,  of  the  moisture  given  up  by 
the  powder. 

A  s}rstem  of  ledges,  one  above  the  other,  is  fitted  inside 
the  oven,  on  which  the  trays  containing  the  powder  rest. 
Preparatory   to   use,    the   water-space 
should   be    filled  with  boiling  water, 
and   a   spirit-lamp   placed    under   the 
oven  to  keep  up  the  temperature. 

It  is  important  that  the  supply  of 
water  should  be  replenished  from  time 
to  time,  in  order  to  compensate  for 
the  evaporation  which  takes  place. 

The  powder  should  be  subjected  to 
heat  as  long  as  it  continues  to  lose 
weight,  as  this  loss  indicates  directly 
the  per  cent,  of  moisture  driven  off. 
On  removing  the  powder  from  the 
oven,  preparatory  to  weighing,  it 
should  be  at  once  transferred  to  air- 
tight weighing-bottles,  which  have  been 
previously  cleaned,  dried,  and  weighed 
with  the  greatest  care. 

The  ability  to  resist  moisture  is  to 
be  determined  by  subjecting  samples 
which  have  been  dried  to  exposure, 
first,  in  the  open  air ;  second,  in  the  hygroscope  containing 
a  solution  of  saltpetre  made  at  100°,  and  cooled  down  to 
80°,  Fah. 

1094.  The  Hygroscope  (Fig.  304)  is  an  air-tight  box, 
arranged  to  contain  several  specimens  of  powder,  while  sub- 
jecting them  to  a  damp  atmosphere  at  nearly  uniform  tem- 
peratures during  a  period  of  24  hours. 

It  consists  of  an  outer  box  of  wood,  a,  an  inner  lining  of 
copper,  5,  with  a  separating  space  of  two  inches  between 
them,  solidly  packed  with  hair.  The  lid  is  double,  and  is, 
like  the  sides,  made  non-conducting  by  the  use  of  hair.  An 
India-rubber  gasket  covers  the  tops  of  the  edges,  and  on 
this  the  top  is  firmly  drawn  by  means  of  thumb-screws. 
Inside  the  box  is  a  movable  tray  of  perforated  copper,  <?, 
resting  on  ledges  projecting  from  the  walls  of  the  box ;  this 
tray  is  but  8£  inches  by  8|-  inches,  while  the  inner  measure- 
ment of  the  box  is  12  inches  by  12  inches.  The  intervening 
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FIG.  304. 


spaces  on  the  ledges  are  filled  by  shallow,  water-tight  trays, 

d,  rf,  which  also  contain  saltpetre  solution. 

The  powder  to  be  tested  is  placed  in  the  circular  cups, 

e,  e,  which  consist  of  copper  rings,  about  1  inch  wide  and 
3  inches  in  diameter,  having  soldered  inside,  at  about  \  of 

an  inch  from  one  edge, 
a  wire  gauze  bottom  of 
sufficiently  small  mesh  to 
contain  the  finest  pow- 
der. In  this  way  free 
access  of  the  moisture 
to  all  parts  of  the  powder 
under  test  is  provided  for. 
1095.  The  percent- 
age of  gain  is  determined 
by  weighing  in  careful- 
ly prepared  bottles,  into 
which  the  powder  is  in- 
troduced the  moment  the 
hygroscope  is  opened. 
Owing  to  the  influence 
of  atmospheric  condi- 
tions on  the  quantity  of  moisture  absorbed  by  the  powder, 
the  comparison  of  results  can  only  be  made  with  fairness 
and  accuracy  by  reference  to  tables  giving  the  effect  on 
standard  powder  of  like  specific  gravity  and  granulation 
under  similar  conditions.  To  this  end  a  careful  record  is 
kept  of  the  barometer,  hygrometer,  external  thermometer, 
and  of  a  maximum  and  minimum  thermometer,  fitted  in- 
side the  hygroscope,  whenever  samples  are  being  tested. 

As  the  analysis  already  detailed  may  fail  to  detect  an 
adulteration  of  the  saltpetre,  by  either  the  accidental  or 
intentional  use  of  nitrate  of  soda,  it  is  well  to  allow  a  por- 
tion of  the  solution  to  evaporate  on  glass,  leaving  a  thin  film 
of  crystals  spread  over  the  surface. 

On  examination  under  a  microscope,  the  nitrate  of  soda, 
if  present,  at  once  appears,  and  is  easily  distinguished  by  its 
rectangular  or  cubical  crystal,  while  the  saltpetre  shows 
invariably  a  six-sided  prism.  The  per  cent,  of  adulteration 
can  be  approximately  determined  by  subjecting  a  sample  of 
the  saltpetre  to  the  following  tests : 

Pure  saltpetre  exposed  over  the  surface  of  water  for 
fourteen  days  remains  comparatively  dry,  while  nitrate  of 
soda  absorbs  under  the  same  circumstances  25  per  cent,  of 
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water.     When  mixtures  of  the  two  are  subjected  to  the  same 
treatment,  the  quantities  of  water  absorbed  are  as  follows : 

Per  cent,  of  nitrate  of  soda,  0.5,  1,  3,  5,  10. 

Absorbs  in  fourteen  days,  2.5,  4, 10, 12,  19  per  cent,  of  water. 

The  point  of  fusion  may  also  be  referred  to  in  establish- 
ing whether  the  saltpetre  has  been  adulterated.  Saltpetre 
fuses  at  675°  Fah.,  nitrate  of  soda  at  564°  Fah. ;  an  intermedi- 
ate point  shows  a  mixture.  The  lower  the  heat  required  to 
produce  fusion,  the  greater  the  per  cent,  of  soda  in  the  pow- 
der. 

1096.  INCORPORATION.  —  Homogeneity  of  appearance 
characterizes  well-manipulated  gunpowder.  On  breaking  up 
a  granule  it  ought  to  exhibit  a  fine  ashen  gray  color  through- 
out, and  the  grain  or  texture  should  be  exceedingly  close ;  it 
should  not  appear  granular,  nor  even  look  coarse,  and  no 
white  specks  are  admissible  either  to  the  naked  eye,  or  with 
a  magnifier.  The  color  should  in  every  case  be  quite  uni- 
form. 

Incorporation  is  tested  by  flashing ;  that  is,  by  burn- 
ing a  small  quantity  of  the  powder  on  a  glass  or  porcelain 
plate.  If  a  fine-grained  powder,  the  quantity  to  be  flashed 
is  placed  in  a  small  copper  measure,  which  is  inverted  over 
the  flashing-plate.  This  provides  for  the  granules  being 
arranged  in  nearly  the  same  kind  of  heap  each  time,  whicli 
is  important. 

The  decomposition  of  the  powder  will  be  more  thorough, 
if  the  powder  be  thrown  together  in  a  small  conical  pile, 
than  if  it  be  spread  out  in  a  thin  layer  on  the  plate  ;  hence, 
for  comparison  of  different  powders,  they  should  be  placed 
on  the  plates  as  nearly  as  possible  under  the  same  conditions. 

If  the  powder  has  been  thoroughly  incorporated,  the  small 
charge  placed  on  the  plate  will  flash  off  when  touched  with 
a  hot  iron,  leaving  only  smoke-marks  on  the  plate.  A  badly 
incorporated  powder  will  leave  specks  of  undecomposed  salt- 
petre and  sulphur,  forming  a  dirty  residue. 

The  flashing-test,  though  simple,  requires  experience  and 
care  to  enable  the  observer  to  form  an  accurate  judgment. 

A  badly  incorporated  powder  is  easily  detected;  but  to 
determine  between  two  nearly  alike,  and  both  tolerably  good^ 
is  vastly  more  difficult.  Flashing  should  therefore  be  con- 
stantly practised  with  all  classes  of  powders,  and  it  is  advisa- 
ble to  keep  samples  of  imperfectly  incorporated  grains  to 
flash  occasionally  for  comparison. 
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The  relative  thoroughness  of  incorporation  is  determined 
by  the  use  of  the  balance.  The  greater  the  increase  of 
weight  on  the  flashing-plate,  the  less  satisfactory  is  the 
powder  in  this  respect.  Powder  which  has  been  subjected 
to  excessive  moisture  will  be  found  to  flash  very  badly,  no 
matter  how  carefully  its  original  incorporation  may  have 
been  effected.  This  arises  from  a  partial  solution  of  the 
saltpetre  having  taken  place,  causing  a  consequent  dis- 
turbance of  incorporation. 

Powder  of  this  class,  in  which  no  attempt  to  conceal  the 
defect  has  been  made,  is  easily  detected  by  the  efflorescence 
of  saltpetre.  The  flashing-test  affords  a  clew,  even  after 
extra  glazing  or  the  use  of  pigment  has  bfcen  resorted  to  to 
disguise  it. 

1097.  GRANULATION  AND  HARDNESS. — Granulation  for 
all    classes   of  irregular-grained    powder   is   determined   by 
sieving.      The   inspection   of  mammoth   also    involves   the 
weighing  of  several  samples  of  ten  pounds  each,  and  count- 
ing the  number  of  granules.      The  average  of  the  several 
results  must  be  within  the  prescribed  limits. 

The  shape  of  the  grains  of  all  granulated  powders  can 
be  judged  by  the  eye  alone.  Elongated  flat  scales  in  any 
powder  are  objectionable  ;  a  compact  shape,  approaching  the 
cube  or  sphere,  being  what  is  desired. 

1098.  Size  of  Grain.  —  The  size  of  the  grains  of  all  irregu- 
lar powder  will,  in  the  absence  of   special    instructions,  be 
determined  by  sieves,  made  by  piercing  round  holes  in  thin 
plates  of  .brass.     These  sieves  are  eight  in  number,  the  holes 
being  of  the  following  diameters  : 

No.  1  1.       inch. 

No.  2  ". 0.5 

No.  3  0.3 

No.  ,4  0.15 

No.  5  0.10 

No.  6  0.06 

No.  7  0.05 

No.  8  0.02 

The  size  of  grain  is  required  to  conform  to  the  follow- 
ing: 

1.  Hexagonal.  —  Not  less  than  70  nor  more  than  75  gran- 
ttles  to  the  pound. 

2.  Mammoth.  —  Through  No.  1,  all;  on  No.  2,  all. 

3.  Rifle.—  Through  No.  2,  all;  on  No.  3,  all. 
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4.  Cannon.  —  Through  No.  4 ;   on  No.  5.     Ten  per  cent, 
variations  allowed. 

5.  Torpedo.  —  Through  No.  4;  on  No.  5.     Ten  per  cent, 
variations  allowed. 

6.  Small-arm  Powder.  —  Through  No.  6,  all ;    on  No.  7, 
all. 

7.  Shell  Powder. — Through  No.  6  ;   on  No.  8.     Ten  per 
cent,  variations  allowed. 

1099.  —  Hardness.  —  There  are  no  means  of  testing  the 
hardness  of  powder  further  than  by  breaking  or  crushing  it 
between  the  fingers,  or  by  means  of  pressure  between  copper 
surfaces,  since  the  softest   substance  in  the  scale  used  for 
determining  this  quality,  relatively,  is  considerably  harder 
than  the  hardest  gunpowder. 

It  is  therefore  difficult  to  determine  which  of  two  powders 
in  the  finished  state  is  the  harder,  and  in  this  matter  experi- 
ence is  the  only  safe  guide. 

1100.  GRAVIMETRIC  DENSITY,  both  loose  and  settled,  is 
taken  ;  the  former  is  the  weight  of  powder,  without  settling, 
contained  in  the  gravimetre,  which  is  of  one  cubic  foot  capa- 
city.    The  gravimetre  is  shown  in  Fig.  305. 

The  powder,  as  it  is  poured  in,  is  allowed  to  adjust  itself 
naturally,  without  any  packing.  The  settled  weight  is  ob- 
tained by  packing  the  powder 
through  a  process  of  rocking, 
shaking,  turning,  and  jarring 
the  gravimetre  on  a  cradle, 
shown  in  the  figure,  and  add- 
ing gradually  to  the  contents, 
as  space  is  made  by  the  pack- 
ing together  of  the  grains. 
In  either  case,  when  weighed, 
the  gravimetre  must  be  level 
full.  This  is  shown  by  placing 
a  pane  of  plate-glass  over  its 
top,  and  noticing  whether  it 
touches  the  rim  of  the  grav- 
imetre all  around,  and  also  if 
the  powder  is  up  to  the  surface  FIG.  305. 

of  the  glass  all  the  way  across. 

The  only  value  attached  to  the  use  of  the  gravimetre  is 
that  of  obtaining  a  tolerably  correct  idea  of  the  volume  of 
the  air-space  in  any  given  weight. 

The  air-space  is  dependent  on  the  shape  and  size  of  the 
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granules,  and  on  the  amount  of  settling  or  shaking  together 
to  which  the  powder  is  subjected. 

Knowing  the  specific  gravity  of  the  powder  under 
examination,  the  air-space  is  found  as  follows: 

If  w  =  the  weight  in  ounces  of  1  cubic  foot  of  homo- 
geneous powder,  or  the  specific  gravity  multiplied  by 
1.000,* 

and  w'  —  the  weight  in  ounces  of  1  cubic  foot  of  same 
powder  granulated,  or  the  ascertained  grav.  den. ; 

w* 
then  —  =  P,  is  the  proportion  or  per  cent  of  the  cubic 

foot  occupied  by  the  powder, 

and  1  —  P  =  p  is  the  proportion  or  per  cent,  of  the  cubic 
foot  occupied  by  air. 

These  percentages  are  determined  for  the  powder,  both 
loose  and  settled. 

1101.  SPECIFIC  GRAVITY. — Assuming  the  usual  values 
assigned  to  the  elements  of  gunpowder  in  the  scale  of  specific 
gravity,  the  absolute  density  of  a  homogeneous  mass  of  the 
mixture  is  1.985.     This  point  is  never  reached  in  practical 
manufacture,  and  even  in  government  supplies  the  variation 
from  this  standard  is  such  that  frequently  in.  a  given  bulk 
powder  consists  of  25  per  cent,  of  pores,  in  addition  to  all 
air-spaces  between  the  grains. 

The  specific  gravity  of  gunpowder  is  generally  between 
1.680  for  shell-powder  and  1.780  for  cannon-powder.  It  is 
important  that  it  should  be  determined  with  the  greatest 
accuracy :  a  variation  of  .01  is  allowed. 

1102.  THE  MERCURY  DENSIMETER,  invented  by  Colonel 
Mallet,  of  the  French  army,  is  the  best  apparatus  yet  devised 
for  this   purpose,  and   has,  with   slight   modifications,  been 
adopted  for  testing  Navy  powder.     It  is  an  instrument  by 
means  of  which,  in  connection  with  an  air-pump  and  a  deli- 
cate balance,  the  density  of  a  solid  may  be  obtained.     (Fig. 
306.) 

It  consists  of  two  principal  parts  —  the  immovable  stand- 
ard, A,  with  various  fittings,  and  a  hollow  ellipsoidal  glass 
vessel,  A',  called  the  vase,  having  tubular  extremities,  each 
furnished  with  a  metallic  cap  or  collar,  B,  into  which  is 
screwed  a  short  iron  plug,  C,  perforated  in  the  direction  of 
its  length,  and  fitted  with  a  stop-cock.  The  upper  orifice 

*  Assumed  as  the  weight  in  ounces  of  1  cubic  foot  of  water,  although  not 
exactly  standard  value. 
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of  the  plug,  which  screws  into  the  lower  end  of  the  vase,  is 
covered  with  a  diaphragm  of  chamois  leather,  the  lower  end 
of  the  upper  plug  being  similarly  fitted  with  one  of  very  fine 
metallic  gauze. 

The  leather  dia- 
phragm strains  the 
mercury,  that  of  wire 
prevents  grains  of 
powder  from  being 
sucked  up  into  the 
barometer-tube.  A 
nozzle,  J,  screwed  to 
the  lower  end  of  the 
bottom  plug,  dips  in- 
to the  mercury  in  the 
dish,  e.  The  stand- 
ard is  a  bracket  of 
wrought-iron  mount- 
ed on  a  table  of  con- 
venient height. 

It  is  fitted  with 
a  thermometer,  g,  a 
graduated  scale  for 
the  barometer-tube, 
h,  and  a  socket,  with 
a  stop-cock,  z,  into 
which  the  barom- 
eter-tube and  upper 
connection  of  the 
vase  are  screwed. 
A  long  bulb,  which 
forms  a  part  of  the 
barometer-tube,  sur- 
rounds and  encloses 
the  upper  end  of  the 
stem.  This  acts  as 
a  receiver  for  the 
overflow  of  mercury, 
which  is  liable  to 
be  thrown  up  when 

leaks  occur  about  the  connections  of  the  vase  or  tube.  The 
bulb,  which  is  in  general  outline  a  cylinder,  contracts  at  its 
top,  terminating  in  a  conical  point,  over  which  the  open  end 
of  a  flexible  India-rubber  hose  is  slipped,  thus  connecting  the 
tube,  and  through  it  the  vase,  with  the  air-pump. 


FIG.  306. 


520          NAVAL  ORDNANCE  AND  GUNNERY. 

1103.  The  Adjustments.  —  As  all  of  the  different  connec- 
tions of  the  vase  where  air-tight  joints  are  made,  are  fitted 
with  leather  washers  of  constantly  changing  thickness,  it 
follows  that  a  variable  degree  of  screwing  up  is  required  in 
order  to  make  the  junctions  absolutely  perfect.  With  the 
plugs  which  screw  into  the  ends  of  the  vase,  it  is  of  great 
importance  that  the  extent  to  which  they  enter  should  be 
uniform  for  any  given  number  of  trials  with  the  same 
powder,  that  is,  they  should  be  run  into  the  same  distance 
when  each  sample  of  powder  is  tried,  that  they  were  when 
the  vase  was  filled  with  mercury  alone ;  for  if  riot  in  far 
enough  the  capacity  of  the  vase  is  increased.  In  order  to 
control  this  source  of  error  as  far  as  possible,  set-marks  are 
put  on  the  collars  and  on  the  plugs.  So  long  as  these  are 
either  brought  together  or  kept  separated  by  a  fixed  and 
constant  amount  at  different  trials,  the  experiment  will  be 
accurate.  As  coincidence  will  probably  only  occur  when  the 
washers  are  new,  the  separation,  as  they  wear  away  or  be- 
come compressed,  must  be  estimated  and  carefully  retained 
the  same  at  different  trials,  so  long  as  the  same  value  is 
assumed  for  the  weight  of  the  vase  filled  with  mercury  alone. 

In  screwing  on  the  nozzle  and  in  screwing  in  the  plugs, 
both  wrenches  should  be  used  —  one  as  a  spanner,  to  hold 
against  the  other  used  as  a  wrench ;  otherwise  the  cementing 
of  the  collars  may  be  started  and  leaks  produced. 

The  zero  of  the  barometer-scale  is  the  lower  end  of  the 
nozzle.  The  quantity  of  mercury  in  the  dish  and  the  level 
on  which  the  dish  rests  should  be  so  regulated  that  the  im- 
mersion of  the  nozzle  will  not  be  greater,  when  the  vase  is 
full,  than  is  necessary  to  prevent  the  admission  of  air.  If 
this  precaution  be  disregarded,  the  fluctuations  in  the  height 
of  the  barometric  column  are  very  liable  to  mislead  by  attach- 
ing suspicion  to  the  working  of  the  pumps  or  to  the  closeness 
of  the  densimeter  connections. 

When  leaks  in  the  connections  of  the  vase  occur  they 
are  indicated  by  air-bubbles,  which  can  be  distinctly  seen 
passing  up  through  the  enclosed  mercury.  They  can  gener- 
ally be  located,  if  about  the  junctions,  by  closing  the  cocks 
in  succession  from  down  up,  meantime  working  the  pump. 
If  about  the  tube-connections,  the  flow  of  air  will  continue 
with  all  the  cocks  closed  ;  if  below  this,  the  leak  can  be 
located  between  the  two  cocks.  By  tightening  the  junctions 
with  the  wrenches,  or,  if  in  the  cocks,  by  screwing  them  up 
with  a  screw-driver,  the  difficulty  is  readily  overcome.  It 
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sometimes  happens  that  the  cement  which  holds  the  collar  to 
the  neck  of  the  vase  becomes  cracked  and  produces  a  leak. 
This  can  be  located  by  filling  the  vase,  closing  both  cocks, 
and  then  expanding  the  mercury  by  holding  the  vase  in  the 
hands  or  by  wrapping  a  warm  cloth  around  it,  the  effect  of 
which  is  to  force  globules  of  mercury  out  at  the  point  where 
the  leak  has  occurred.  A  mixture  of  tallow  and  beeswax, 
applied  at  the  same  time  that  the  pump  is  worked,  will  stop 
a  leak  of  this  kind. 

When  the  vase  is  unscrewed  after  the  filling,  the  mercury 
which  remains  in  the  fine  tubes  of  the  end  plugs  must  be 
carefully  jarred  out.  This  precaution  is-  very  important ;  for 
as.  the  amount  of  mercury  which'  thus  remains  varies  at  dif- 
ferent trials,  the  accuracy  of  the  weight  taken  is  sensibly 
affected,  if  carets  not  taken  to  remove  all  the  mercury  out- 
side the  cocks.  For  this  reason  the  globules  which  adhere 
to  the  vase  and  its  fittings  should  be  removed  by  brushing, 
before  any  attempt  is  made  to  get  the  weights.  In  testing 
fine  powder,  both  plugs  should  be  unscrewed,  and,  with  the 
vase,  carefully  wiped  after  each  trial ;  with  mammoth  this 
is  only  occasionally  necessary. 

Whenever  the  barometer-tube  or  vase  becomes  coated  on 
the  inside  with  sulphuret  of  mercury,  they  should  be  dis- 
mounted and  washed  with  aqua  regia  (by  measure,  two  parts 
hydrochloric  acid  to  one  part  nitric  acid).  In  the  event  of 
breaking  the  barometer-tube,  expose  the  metallic  socket, 
which  holds  the  lower  end,  to  the  flame  of  a  lamp,  until  the 
cement  softens ;  remove  the  broken  tube,  and  then  screw  the 
socket  in  place  again.  Coat  the  end  of  the  new  tube  with 
cement,  and  insert  it  in  the  socket  before  the  latter  cools  off, 
taking  care  that  it  stands  vertical  when  in  place ;  for  if  at 
all  inclined  it  will  be  difficult  to  unscrew  it  for  the  purpose 
of  cleaning  or  emptying  the  overflow-bulb. 

1104.  THE  AIK-PUMP.  —  The  air-pump  used  with  the 
densimeter  is  of  the  ordinary  construction,  and  is  mounted 
on  a  light  table.  (Fig.  307.) 

The  vacuum-gauge,  a,  is  in  an  air-tight  glass  case,  which 
is  placed  between  the  standards  on  which  the  brake  works. 
It  can  be  shut  off  from  connection  with  the  cylinder  lay  the 
cock,  5,  and  air  is  admitted  to  it ;  and  thence  to  the  cylinder, 
etc.,  by  unscrewing  the  glass  cover,  which  can  be  turned  by 
means  of  a  chamfered  ring  on  the  brass  collar  into  which  it 
fits.  Connection  with  the  densimeter  .is  controlled  by  the 
cock,  c.  The  cylinder,  c?,  of  brass,  oscillates  on  trunnions  at 
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its  base ;  its  connections  with  the  vacuum-gauge  and  the 
hose  leading  to  the  densimeter  are  through  the  curved  pipe, 
e,  which  is  held  against  its  several  bearings  by  set-screws. 
The  upper  cylinder  head  is  fitted  with  an  oil-hole  closed  by 
the  screw-plug,  /,  and  has  an  overflow-can,  g,  to  catch  oil 
forced  out  in  exhausting. 


\r 

III 

Force  Pump. 

FIG.  SOT. 

1105.  The  Precautions  to  be  observed  in  using  the  pump 
are :  1.  Always  keep  the  piston-rod  and  piston  well  oiled. 
2.  Keep  the  cocks,  b  and  <?,  and  the  connections  of  the  tube, 
e,  air-tight.  3.  Screw  down  the  vacuum-gauge  case  securely 
before  commencing  to  exhaust.  To  determine  whether  the 
pump  is  tight  and  working  well,  close  the  cock,  <?,  under 
the  bell-glass  table,  A,  and  work  the  brake. 

The  vacuum-gauge  will  show  whether  air  is  admitted,  and 
the  leak  may  be  located  by  the  hissing  sound  made  by  the  air 
rushing  in. 
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The  connections  of  the  india-rubber  hose  require  occa- 
sional looking  to.  The  air-pump  end  is  tightened  by  screw- 
ing up ;  the  other  can  always  be  made  perfect  by  cutting  off 
a  short  section,  thus  getting  a  new  and  unstretched  portion 
to  adjust  over  the  end  of  the  barometer-tube  of  the  den- 
simeter. 

1106.  THE  BALANCE.  —  The   balance   employed   in   the 
process  of  determining  density  is  a  simple  beam-scale,  con- 
structed with  great  accuracy. 

The  great  convenience  of  a  decimal  system  'of  weights 
has  led  to  the  adoption  of  the  scale  of  grammes  in  ascertain- 
ing the  density  of  powder. 

The  set  of  weights  used  is  of  5,000  grammes  ;  approx- 
imately 11  pounds.  The  heaviest,  1  kilogramme,  2.204 
pounds ;  the  lightest,  5  centigrammes,  0.75  grains. 

1107.  THE  PROCESS  OF  TAKING  THE  DENSITY.  —  The 
powder  to  be  tested,  if  of  mammoth  size,  will  require  break- 
ing up  to  a  smaller  granulation ;  for  in  its  natural  state  it 
will  not  readily  enter  the  vase,  which  is  of  but  one-half-inch 
interior  diameter  at  the  neck.      This  is  readily  and  safely 
done  by  using  a  light  steel  hammer,  the  powder  resting  on  a 
table  of  wood. 

For  convenience  of  computation,  it  is  advisable  to  use 
samples  of  100  grammes ;  or,  if  employing  grain  weights,  of 
1543.3  grains. 

Recourse  may  then  be  had  to  tables  (see  Appendix  II.) 
for  finding  the  density. 

To  take  the  Density.  —  Weigh  out  the  sample  with  great 
accuracy,  taking  100  grammes,  if  practicable.  The  vase 
being  mounted,  with  the  nozzle  screwed  in  place  and  well 
immersed  in  the  mercury,  close  the  lower  cock,  opening  both 
the  others,  and  exhaust  the  air  from  the  tube  and  vase; 
When  the  gauge  shows  nearly  a  perfect  vacuum,  open  the 
lower  cock.  The  mercury  from  the  dish  will  then  enter  and 
fill  the  vase,  rising  in  the  tube  nearly  to  the  barometric  height, 
the  vacuum  meanwhile  being  kept  up  by  continuous  pump- 
ing. As  soon  as  the  column  becomes  stationary,  close  the 
lower  stop-cock  and  re-admit  the  air  to  the  top  of  the  tube 
by  unscrewing  the  casing  of  the  vacuum-gauge ;  close  the 
other  cocks  and  unscrew  the  nozzle ;  dismount  the  vase,  jar 
out  the  mercury  from  the  tubular  spaces  outside  the  cocks, 
brush  the  outside  clean,  and  then  place  the  vase  on  its  rest 
and  weigh  it.  Call  this  weight  of  vase  and  mercury  VM= 
W.  Empty  the  vase  by  opening  the  cocks,  and  allow  the 
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mercury  to  return  to  the  dish  ;  also  let  the  mercury  run  out 
of  the  barometer-tube.  If  the  inside  of  the  vase  is  coated, 
unscrew  both  plugs  and  wipe  it  out  with  a  cloth;  or,  if 
necessary,  wash  it  with  aqua  regia.  With  clean  mercury, 
washing  is  rarely  required. 

In  general  practice,  after  having  emptied  the  vase,  one 
plug  is  unscrewed,  and  the  sample  of  powder  previously 
weighed  out  is  poured  in.  The  plug  being  again  securely  in 
place,  the  vase  is  mounted  and  the  mercury  pumped  into 
it,  passing  up  through  the  powder,  filling  its  interstices,  driv- 
ing out  the  air,  and  rising  to  the  same  height  in  the  tube  as 
before.  When  this  point  is  reached,  close  the  cocks,  admit 
the  air,  unscrew  and  weigh  the  vase  as  before,  calling  the 
weight  of  powder,  vase,  and  mercury  PVM=  W.  From 
these  two  weights,  together  with  that  of  the  powder  sample, 
the  density  is  calculated  by  the  proportion  : 

Density  of  mercury  ;  density  of  powder  =  weight  of  mer- 
cury displaced  by  powder;  weight  of  powder  ;  or,  if  — 

W  —  weight  of  vase  and  mercury, 

W'=  weight  of  powder,  vase,  and  mercury, 

w  =  weight  of  powder, 
D  —  density  of  mercury, 

d  =  density  of  powder, 

then  W  —  w  =  weight  of  mercury,  vase,  and  powder,  less 
the  weight  of  powder,  and  W  —  (  W  —  w)  —  weight  of  mer- 
cury displaced  by  the  powder,  and  the  proportion  becomes 


or, 

,  _       D  X 


.       -  W-  W  +  w 

The  weight  of  W  should  be  determined  at  the  beginning 
and  end  of  each  set  of  trials,  and  the  mean  be  used  to  cor- 
rect the  result  of  the  whole  series. 

The  occasions  will  be  rare  when  the  accuracy  of  the  re- 
sults ^iven  in  the  table  will  be  sufficiently  affected  by  tem- 
perature to  require  correction  ;  but  if  the  thermometer  varies 
materiall}1-  from  66°  Fahrenheit,  and  great  accuracy  is  re- 
quired, the  density  of  the  powder  may  be  calculated  by  the 
formula  already  given,  in  which  D  will  be  the  density  of 
the  mercury  at  the  temperature  of  the  time  of  observation,  to 
be  taken  from  the  table  ;  or,  if  no  table  is  at  hand,  the  effect 
of  temperature  can  be  computed  by  the  formula  — 
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JVX5550 


~   _ 

: 


5550 


in  which  Do  =  density  of  mercury  at  zero  centigrade,  and 
t  —  any  temperature  above  zero  ;  or  the  correction  may  be 
attained  with  sufficient  accuracy  for  ordinary  practice  by 
multiplying  the  decimal  .00245  by  the  temperature  expressed 
in  degrees  (centigrade).  This  product,  subtracted  from 
13.596,  gives  the  density  for  the  temperature  under  considera- 
tion. The  proportion  given  above,  viz.,  D  :  d  =  W  —  W  + 
w  :  u\  must  be  used  to  compute  the  density  of  the  sample,  if 
its  weight  be  other  than  100  grammes  or  1543.3  grains  ;  and 
the  actual  value  of  D  should  also  enter  into  the  calculation 
when  the  temperature  varies  materially  from  66°  Fahrenheit. 
For  example  : 

Suppose  W=  4120  grammes, 

Suppose  W  =  3400  grammes, 

Suppose    w  =  90  grammes, 

and  the  temperature  —  90°  Fahrenheit,  then  D  =  13.52,  ap- 
proximately, and  the  density  of  the  sample  is  1.502. 

1108.  Test  of  the  Quality  of  the  Mercury.  —  The  mercury 
used  should  be  of  specific  gravity  —  13.55055  at  66°  Fahren- 
heit. Its  purity  can  be  tested  by  comparison  with  distilled 
water  by  the  following  process  : 

Clean  the  vase  and  its  connections  thoroughly,  and  weigh 
it.  Call  this  weight  a. 

Mount  the  vase  and  fill  it  with  mercury,  and  again  weigh 
it,  calling  the  result  b.  Empty  clean,  and  connect  it  again, 
substituting  a  dish  of  distilled  water  for  that  of  mercury 
ordinarily  used.  Fill  the  vase  by  pumping  slowly  to  avoid 
overflowing.  Detach  and  weigh  it  again,  calling  this  last 
weight  c;  then 


the  density  of  the  mercury,  which,  if  up  to  the  standard, 
will  correspond  to  that  given  in  the  table  for  the  temperature 
at  the  time  of  trial. 

The  mercury  used  with  the  densimeter  should  frequently 
be  strained  through  chamois-leather  to  remove  impurities 
which  are  accidentally  introduced  into  it  in  experimenting. 
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Form  for  recording  ^Experiments  with  the  Densimeter. 


Record  Number. 

I 

Class  or  Charac- 
ter of  Sample. 

Weight  of  Samp. 

1C. 

Weight  of  Vase 
and  Mercury. 
VJf. 

Weight  of  Pow- 
der, Vase,  and 
Mercury. 
PVM. 

>. 

°3 

a 

& 

Thermometer. 

1109.  USE  OF  THE  TABLES.  —  Tables  I.  and  II.  are  ar- 
ranged for  use  precisely  like  a  table  of  logarithms  of  num- 
bers.    (Appendix  II.) 

Example,  Table  I.  —  Required  the  density  corresponding 
to  W—  W  +  w  =  824.5.  Opposite  824,  in  the  left-hand 
column,  will  be  found  in  the  column  headed  o  =  for  the  first 
three  figures,  1.64 ;  and  looking  to  the  right  in  the  column 
headed  .5,  the  remaining  figures  348  are  taken,  giving 
1.64348  for  the  density. 

If  W —  W  -f-  w  —  821.6,  the  first  figures  are  taken 
from  below,  as  indicated  by  the  bar  over  928  in  the  column 
headed  6. 

EXAMPLE,  TABLE  II.     (Appendix  II.) 

732.6  grammes  =  11304.1  grains. 
734.5  grammes  —  11333.3  grains. 

1110.  MUZZLE  VELOCITY.  — A  projectile  on  leaving 
the  bore  of  a  gun  will  have  acquired  its  maximum  velocity, 
generally  termed   the  initial  velocity.     This  essentially  de- 
pends upon  the  powder,  and   is   an   important   test   of  its 
quality. 

1111.  ELECTRO-BALLISTIC    MACHINES.  —  The    accurate 
determination  of  the  velocity  of  a  projectile  at  any  point  of 
its  trajectory,  has  been  one  of  the  most  difficult  problems 
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in  the  science  of  gunnery.  It  has  exercised  the  talents 
and  ingenuity  of  the  best  scientific  minds  of  the  age,  and 
has  given  rise  to  much  interesting  discussion  and  many 
valuable  experiments.  The  wondrous  mechanical  skill  of 
the  day,  and  our  mastery  over  the  powers  of  electricity, 
have,  however,  recently  given  us  instruments  which,  in  their 
results,  more  than  realize  the  brightest  dreams  of  the  experi- 
menters of  a  century  ago.  Their  bulky,  unwieldy,  and  ex- 
pensive machines  have  given  place  to  the  neat  and  compact 
chronoscope,  which,  with  its  pencil  of  electrical  light,  now 
notes  with  unerring  certainty  infinitesimal  intervals  of  time. 

1112.  BALLiSxic  PENDULUM.  —  The  ballistic  pendulum 
invented   by  Robins,  who  is  justly  held  to  be  the  pioneer 
of  modern  gunnery,    was   first   used  in  1740,  with  the  ob- 
ject of  measuring  the  velocity  of  projectiles  and  the  resist- 
ance of  the  air.      It    consisted  of  a   tripod,    from   the  top 
of  which  was    suspended   a   pendulum  vibrating  freely  on 
its  axis  of  suspension.     The   bob  was   arranged,  and   of  a 
size,  to  receive  the  impact  of  the  projectile.     Its  prolonga- 
tion below  the  bob  was  so  contrived  as  to  register  the  degree 
of  vibration. 

If  such  a  pendulum,  being  at  rest,  is  struck  by  a  body  of 
known  weight,  and  the  vibration  which  it  makes  after  the 
blow  is  known,  the  velocity  of  the  striking  body  may  thence 
be  determined.  The  quantity  of  motion  of  the  body  before 
impact  is  equal  to  that  of  the  pendulum  and  body  after 
impact. 

1113.  GUN  PENDULUM.  —  The  use  of  the  gun  pendulum 
seems  to  have  been  suggested  ""by  Robins,  although   Count 
Rumford  first  reported,  in  1781,  the  results  of  various  experi- 
ments made  with  it  for  the  determination  of  the  initial  velocity 
of  projectiles,  and  the  most  advantageous  position  of  the  vent. 
It   consisted  of  a  gun   suspended    in  a  horizontal  position, 
and  vibrating  freely ;  the  arc  of  its  recoil  being  accurately 
measured  when  the  gun  was  fired. 

The  quantity  of  motion  of  the  gun  as  a  pendulum  is 
equal  to  that  of  the  projectile,  charge  of  powder,  and  the 
air.  From  this  the  velocity  of  the  projectile  may  be  de- 
duced. 

Extended  experiments  with  both  the  ballistic  and  gun 
pendulums  were  made  in  England,  from  1775  to  1791,  by 
Hutton;  at  Metz  in  1839  and  1840;  and  in  the  United 
States,  from  1843  to  1848,  by  Major  Mordecai  of  the  Ord- 
nance Department.  The  instruments  used  in  this  country 
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were  the  most  perfect  of  their  kind,  and  the  importance  of 
the  results  obtained  cannot  be  too  highly  estimated.  The 
instruments  were,  however,  very  expensive,  had  to  be  erected 
on  permanent  structures,  and  were  rather  limited  in  their 
application. 

1114.  ELECTRICITY.  —  Professor  Wheatstone,  in  1840, 
first  suggested  the  emplojinent  of  electricity  in  determining 
the  velocity  of  projectiles.  It  was  tried  in  the  following 
manner :  Two  screens  or  targets  of  wire  were  so  placed  as 
to  be  cut  by  the  ball  during  its  flight.  Each  screen  formed 
part  of  the  circuit  connecting  a  galvanic  battery  and  an 
electro-magnet.  This  last  suspended  a  pencil  over  a  cylinder 
made  to  revolve  uniformly.  .  The  rupturing  of  the  target 
wire  by  the  ball  interrupted  the  current,  and  caused  the 
magnet  to  release  the  pencil,  which  made  a  mark  on  the 
revolving  cylinder.  The  time  of  revolution  being  known, 
the  angle  between  these  two  marks  determined  the  time  of 
the  ball's  passage  between  the  two  targets ;  and  knowing  the 
distance  of  the  targets  apart,  the  velocity  could  be  readily 
ascertained. 

The  application  of  electricity,  as  seen  in  this  first  attempt, 
depends  upon  its  very  great  velocity,  which  may  be  considered 
instantaneous  for  short  distances.  The  greatest  difficulty  to 
be  overcome  lies  in  the  manner  of  recording  and  preserving 
the  time  of  flight,  or,  rather,  of  registering  the  instant  the  pro- 
jectile strikes  each  target.  When  this  is  performed  with  the 
necessary  accuracy,  and  the  time  it  takes  a  projectile  to  pass 
over  a  certain  distance  thus  obtained,  the  mean  velocity  will 
be  the  quotient  of  the  space  (Tivided  by  the  time.  It  may  be 
said,  without  appreciable  error,  that  this  mean  velocity  is 
the  actual  velocity  of  the  projectile  at  the  middle  point  of  the 
space  passed  over. 

In  May,  1843,  Professor  Henry,  late  secretary  of  the 
Smithsonian  Institution,  presented  and  read  a  paper  before 
the  American  Philosophical  Society,  "  On  a  New  Method  of 
determining  the  Velocity  of  Projectiles."  It  consisted  in  the 
application  of  the  instantaneous  transmission  of  an  electrical 
action.  Two  wire  screens  placed  in  the  path  of  the  projec- 
tile were  made  to  form  parts  of  galvanic  currents,  connected 
with  the  axis  and  surface  of  a  revolving  cylinder  which  was 
covered  by  a  graduated  paper.  The  terminal  point  of  the 
wire  at  the  surface  did  not  quite  touch  the  paper,  and  the 
interruption  of  the  primary  current  by  the  rupture  of  the  wire 
of  the  screen  by  the  projectile,  induced  an  intense  secondary 
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current,  on  the  principle  of  the  common  coil-machine,  which 
gave  a  spark  that  pierced  the  paper  at  the  instant  of  the 
rupture. 

To  Professor  Henry  belongs  the  credit  of  first  proposing 
the  use  of  the  spark  from  what  is  now  known  as  the  Ruhm- 
korff  coil,  which  has  been  since  adopted  in  the  most  improved 
and  successful  instruments. 

Attention  was  thus  early  drawn  to  the  novel  question  of 
devising  and  constructing  a  machine  based  on  the  employ- 
ment of  electricity,  and  to  serve  in  solving  the  most  difficult 
problems  in  gunnery.     We  will  describe  the  most  successful 
/of  the  various  instruments  in  use. 

V  1115.  NAVEZ-LEURS  CHRONOSCOPE.  —  This  is  probably 
the  most  successful  of  all  the  pendulum  instruments,  where 
the  value  of  the  time  is  expressed  in  arc.  It  may  be  said  to 
consist  of  two  separate  instruments  :  the  pendulum  and  the 
disjunctor. 

1116.  The  Pendulum.  —  An  upright  plate  of  vulcanite 
with  a  graduated  arc,  A  (Fig.  308),  mounted  on  a  stand, 
supports  two  pendulums,  two  electro-magnets,  a  pair  of 
springs,  and  the  pivot  upon  which  the  escapement  system 
works.  One  of  the  pendulums,  a,  is  termed  the  chronometer 
pendulum,  and  the  other,  b,  the  register  pendulum;  and  the 
magnets  are  so  adjusted,  one  behind  each  pendulum,  that 
when  magnetized  by  a  current  of  electricity  they  will  just 
sustain  the  bobs  of  their  respective  pendulums,  into  both  of 
which  a  piece  of  soft  iron  is  inserted. 

An  index-needle,  having  a  vernier  at  the  end  to  slide  along 
the  graduated  arc,  is  riveted  to  a  steel  disk,  c,  working  in  the 
same  axis  as  the  chronometer  pendulum,  with  which  it  oscil- 
lates, simply  by  friction,  until  clamped  by  the  action  of  the 
escapement. 

The  springs  are  attached  to  the  vertical  plate,  and  pass 
one  on  each  side  of  the  steel  disk,  c ;  near  the  ends  of  the 
springs  are  two  cleats,  one  on  each  spring,  between  which  a 
wedge-lever,  e,  can  be  adjusted  to  keep  the  springs  apart ; 
two  other  cleats  close  on  the  disk  of  the  index-needle,  which 
is  between  the  springs,  when  the  wedge-lever,  e,  is  displaced 
by  the  face  of  the  stirrup,  d. 

The  rod  of  the  register  pendulum  is  provided  with  an  arc 
carrying  a  stirrup,  d,  which,  in  its  descent  when  the  pendulum 
is  released,  knocks  away  the  wedge-lever,  e,  from  between 
the  springs,  and  so  closes  them  upon  the  disk,  c,  of  the  index- 
needle,  thus  clamping  it. 
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1117.  The  Disjunctor.  —  This  consists  of  a  small  stand,  B, 
on  which  are  two  pieces  of  brass,//,  each  provided  with  a 
pressure-screw,  a  brass  spring,  #,  fastened  by  another  pressure- 
screw,  and  a  cam,  A,  to  work  the  spring ;  the  brass  pieces 
have  platinum  points,  separated  from  each  other  by  a  very 
short  interval,  and  the  spring  has  also  a  platinum  point  below 
it,  which,  when  pressed  down  by  the  action  of  the  cam,  con- 
nects the  two  other  points  ;  thus  connecting,  when  requisite, 
the  circuits  through  the  apparatus. 


FIG.  308.  —  Navez-Leurs  Chronoscope. 

.  Circuit  from  the  battery  which  magnetizes  the  chronometer  electro-magnet. 
.Circuit  from  the  battery  which  magnetizes  the  register  electro-magnet. 
•  Arrangement  of  Hie  second  circuit  to  investigate  the  value  of  the  coefficient  x. 


1118.  The  JHectric    Currents   are   obtained   by  means  of 
Bunsen's  voltaic  batteries,  there  being  two  circuits  for  an 
ordinary   experiment,  one   (Fig.   308)   passing   through  the 
magnet  of  the  chronometer  pendulum  and  the  first  screw, 
the  other  through  the  magnet  of  the  register  pendulum  and 
the  second  screw;  as  both  pass  through  the  disjunctor,  the 
simultaneous  disjunction  of  both  circuits  can  be  effected  by 
turning  the  cam,  releasing  the  spring,  and  so  disconnecting 
the  platinum  points. 

1119.  Arrangement  of  Targets.  —  The  apparatus  is  placed 
in  a  small  house  at  a  distance  of  about  130  vards  from  the 
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gun,  so  that  it  may  not  be  effected  by  the  firing,  and  the 
arrangement  of  the  gun  and  targets  is  as  follows :  The  first 
target  (Fig.  308)  is  placed  at  a  distance  of  10  yards  in  front 
of  the  muzzle  of  the  piece,  and  the  second  target  40  yards 
beyond  the  former ;  both  targets  are  of  the  same  construc- 
tion and  dimensions ;  each  consisting  of  a  wooden  frame 
having  copper  wires  stretched  across  in  parallel  rows  by 
means  of  pins  in  the  sides  of  the  frame,  and  these  wires 
are  broken  by  the  passage  of  the  projectile  through  them. 
In  order  to  protect  the  wires  of  the  first  target  from  the 
action  of  the  gas,  a  wooden  screen  is  placed  about  40  inches 
from  this  target,  between  it  and  the  gun ;  the  screen  has  a 
circular  hole,  about  1£  calibres  in  diameter,  through  which 
the  projectile  passes. 

1120.  Operation  of  the  Instrument.  —  The  gun  is  fired,  the 
projectile  passes  through  the  first  target,  breaks  the  first  cir- 
cuit, and  demagnetizes  the  magnet  of  the  chronometer  pen- 
dulum ;  the  bob  begins  to  fall,  carrying  with  it  the  index- 
needle.     When  the  projectile  cuts  the  wires  of  the  second 
target,  the  second  circuit  is  broken,  and  the  magnet  of  the 
register  pendulum  is  demagnetized;  the  bob  falls,  carrying 
with  it  the  arc  and  stirrup,  which  in  its  descent  knocks  away 
the  wedge-lever  and  clamps  the  index-needle. 

The  time  due  to  this  arc  of  vibration  can,  by  the  theory 
of  the  pendulum,  be  readily  ascertained,  but  it  must  be 
greater  than  the  time  taken  by  the  projectile  to  pass  from 
one  target  to  the  other ;  for  a  certain  small  interval  of  time 
elapses  between  the  rupture  of  the  second  circuit  and  the 
clamping  of  the  index-needle.  This  small  portion  of  time 
is  found  by  means  of  the  disjunctor,  before  the  gun  is  fired, 
by  breaking  both  circuits  at  once,  and  the  small  arc  so  found 
must  be  deducted  from  the  arc  determined  by  firing  the  gun. 

1121.  BENTON'S    THREAD    VELOCIMETER.  —  This    is    a 
gravity  instrument  in  which  the  weights  are  suspended  by 
the  tension  of  a  cord,  and  it  may  be  worked  with  common 
thread  in  place  of  the  usual  electro-magnetic  currents. 

The  principle  involved  in  this  arrangement  is,  that  the 
loosening  effect  of  cutting  a  taut  thread  is  transmitted  to 
equal  distances  along  the  thread  from  the  point  of  rupture, 
in  equal,  or  sensibly  equal,  times.  It  is  a  principle  that  can  be 
applied  to  others  of  the  large  class  of  machines  for  meas- 
uring small  intervals  of  time. 

The  peculiar  advantages  found  in  the  use  of  threads  over 
electricity  are,  simplicity  arid  cheapness  of  the  apparatus,. 
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freedom  from  acid  and  water  for  the  batteries,  and  the  cer- 
tainty and  ease  with  which  it  can  be  operated  by  a  single 
person,  and  that  person  the  one  who  fires  the  gun. 

The  velocimeter  may  be  depended  upon  to  give  results 
sufficiently  accurate  for  all  the  practical  purposes  of  prov- 
ing powder  and  making  ballistic  calculations. 

For  the  purpose  of  explanation,  the  apparatus  may  be 
divided  into  the  time-marker,  or  pendulum-machine,  the  tar- 
gets No.  1  and  No.  2,  and  the  threads. 

1122.  PENDULUM-MACHINE.  —  The  pendulum-machine  is 
shown  in  Fig.  309.  a  is  a  bed-plate  of  metal,  which  sup- 
ports a  graduated  arc,  b.  This  arc  is  placed  in  a  vertical  posi- 
tion by  means  of  thumb-screws  and  spirit-levels  attached  to  it ; 
and  it  is  graduated  into  degrees  and  fifths,  commencing  at  the 
lowest  point  of  the  arc,  and  ending  at  90°. 


FIG.  309. 

p,  p',  are  two  pendulums  having  a  common  axis  of  motion 
passing  through  the  centre,  and  perpendicular  to  the  plane  of 
the  arc.  The  bob  of  the  pendulum,  p',  is  fixed,  but  that  of  p 
can  be  moved  up  and  down  with  a  thumb-screw,  so  as  to 
make  the  times  of  vibration  equal. 

The  apparatus  to  record  the  point  at  which  the  pendu- 
lums pass  each  other  when  they  fall  is  attached  to  the  pro- 
longation of  the  suspension-rod,  p',  and  consists  of  a  small 
pin  enclosed  in  a  brass  tube ;  the  end  of  the  pin  near  the 
arc  has  a  sharp  point,  and  the  other  is  terminated  with  a 
head  the  surface  of  which  is  oblique  to  the  plane  of  the  arc. 

As  the  pendulums  pass  each  other,  a  blunt  steel  point 
attached  to  the  lower  extremity  of  the  suspension-rod,  jt?, 
strikes  against  the  oblique  surface  of  the  head  of  the  pin, 
which  presses  the  point  into  a  piece  of  paper  clamped  to  the 
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arc,  leaving  a  small  puncture  to  mark  the  point  of  passage. 
An  improvement  to  the  foregoing  consists  in  attaching  to 
the  pendulum,  p',  a  delicate  bent  lever,  which  carries  on  its 
point  a  small  quantity  of  printer's-ink ;  the  pendulum,  jt?, 
presses  upon  this  lever,  causing  the  point  to  touch  the  arc 
and  leave  a  small  dot  opposite  to  the  point  where  the  pendu- 
lums pass  each  other. 

1123.  The  Compressors.  —  The  lever-compressors,  A,  A', 
are  made  to  hold  up  the  pendulums  by  tightening  the 
threads,  B,  B',  leading  to 
the  two  targets.  When  the 
threads  are  severed  at  the 
targets  by  the  projectile  and 
slacken,  the  compressors  are 
forced  back  by  their  springs, 
and  the  pendulums  are  re- 
leased and  immediately  be- 
gin to  fall. 

The  compressors  are 
shown  in  detail  in  Fig.  310. 

They  have  each  a  slight 
notch  at  the  lower  end  to 
receive  the  sharp  end  of  the 
pendulum-rod,  I),  and  hold 
it  firmly  in  a  horizontal  po- 
sition. At  the  upper  end  is 


for 


attaching 


L 


FIG.  310. 


also  a  notch 

the   thread.      C  represents 

the    spring    which    presses 

the  compressor  away  from  the  pendulum  when  the  thread  is 

severed. 

The  pendulum-machine  should  be  placed  equidistant 
from  the  two  targets,  and  sufficiently  remote  from  the  piece 
not  to  be  affected  by  the  jar  of  the  discharge  before  both 
pendulums  have  commenced  to  fall.  In  the  case  of  small 
arms,  it  may  be  placed  directly  in  the  plane  of  fire ;  but  in 
the  case  of  cannon,  it  should  be  at  least  100  feet  to  the  right 
or  left  of  it.  (See  Fig.  311.)  In  the  figure,  target  No.  1  is 
placed  125  feet  from  the  muzzle  of  the  piece.  At  this  dis- 
tance the  thread  will  be  severed  by  the  ball  before  it  can  be 
broken  by  burning  grains  of  powder.  For  ordinary  pur- 
poses, however,  target  No.  1  may  be  placed  directly  in  the 
muzzle  of  the  piece,  by  attaching  it  to  a  vertical  string 
stretched  across  the  muzzle.  A  board  supported  on  two 
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posts  may  be  used  to  screen  the  thread  leading  to  the  pendu- 
lum from  target  No.  2. 

1124.  Targets  for  Cannon  are  similar  in  construction,  and 
composed  of  a  single  post  fixed  in  the  ground,  to  which  are 
attached  horizontal  arms,  as  shown  in  Fig.  311.  A  thread, 


FIG.  311. 


d  d  (Fig.  306),  is  stretched  vertically  between  these  arms,  to 
which  is  attached  the  thread  leading  to  the  pendulum  at  one 
side.  The  point  of  attachment  of  this  thread  should  be  a 
little  below  where  the  projectile  cuts  the  vertical  thread,  arid 
is  shown  at  b.  Both  threads  to  the  pendulum  pass  through 
the  loops  of  the  compressors,  and  are  fastened  to  posts  set  in 

the  ground,  in  such  relative  po- 
sitions to  each  other  and  the 
pendulum  that  the  compressors 
will  sustain  the  pendulums  when 
the  threads  are  tightened,  and 

will     relax     their     hold     when 

broken.  When  cannon  are  care- 
fully aimed,  the  projectile  will 
cut  both  vertical  threads  direct- 
ly; but  in  the  case  of  small 
arms,  it  is  found  difficult  to  insure  the  cutting  of  the  thread 
of  No.  2  target  without  a  special  arrangement. 

1125.  Targets  for  Small  Arms.  —  Target  No.  1,  for  small 
arms,  consists  of  a  piece  of  board  (Fig.  313)  with  a  vertical 
opening  to  serve  as  a  rest  for  the  muzzle  of  the  gun.  Across 
this  opening,  and  directly  in  front  of  the  muzzle,  is  stretched 
a  short  horizontal  thread  secured  to  two  leather  washers. 

The  thread,  a,  to  pendulum  No.  1  is  drawn  around  the 
middle  of  the  horizontal  thread,  and  secured  at  the  leather 
washer,  b. 


FIG.  312. 
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The  muzzle  of  the  piece  is  in  contact  with  the  intersec- 
tion of  the  threads,  which  should  be  a  little  below  the  cen- 
tre of  the  bore.  The  thread  b  is  cut  the  instant  the  bullet 

reaches  the  muzzle,  and 
the  thread  a  slackens, 
generally  without 
breaking. 

Target  No.  2,  for 
small  arms  (Fig.  314), 
is  composed  of  an  iron 
target-plate,  B,  1  inch 
thick,  which  swings 
freely  on  horizontal 
trunnions  at  its  upper 
edge.  The  lower  back 
edge  of  the  plate  rests 
lightly  against  the  back 

FIG.  313.  of  a  sharp  knife-blade, 

D,  hinged  at  E.     The 

thread,  I,  leading  to  pendulum  No.  2  is  wrapped  around  the 
slitted  part  in  which  the  knife-blade  operates,  and  fastened 
to  the  leather  washer,  F.  C,  C,  are  two  flat  iron  bars  bolted 
to  a  post  of  wood  let  into 
the  ground,  and  serve  as 
supports  of  the  trunnions  of 
the  target-plate,  B.  When 
the  bullet  strikes  the  plate, 
B,  the  knife-blade,  I),  is 
pressed  backwards,  cutting 
the  thread,  I,  and  releasing 
the  pendulum.  C  and  H 
are  screens  of  boiler-plate 
to  protect  the  thread  and 
knife  from  fragments  of  the 
bullet. 

The  target-plate,  B,  is  made  of  tough  wrought-*ron  about 
6  inches  wide,  6  inches  deep,  and  1  inch  thick. 

The  knife  should  be  made  as  sharp  as  possible,  so  that  a 
slight  tap  of  the  finger  on  the  target-plate  will  suffice  to  cut 
the  thread. 

1126.  To  DETERMINE  THE  TIME.  —  It  is  considered  that 
each  pendulum  begins  to  move  at  the  instant  the  projectile 
cuts  the  thread,  and  that  the  interval  of  time  corresponds 
to  the  difference  of  the  arcs  described  by  the  pendulums  up  to 
the  time  of  meeting. 


FIG.  314. 
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Let  m  and  mr  (Fig.  315)  represent  the  positions  of  the  two 
pendulums  before  rupture,  and  let  the  interval  between  the 
rupture  be  such  that  the  centres  of  oscillation  will  pass  each 
other  at  i.  As  the  times  of  vibration  are  equal,  the  interval 
of  time  will  correspond  to  the  arc  i  i',  the  arc  m'  i  being 

equal  to  m  i'.     A  ver- 

m  r  m'     tical  line  through  the 

centre  of  motion  bi- 
sects the  arc  i  i'.  The 
reading,  therefore,  cor- 
responds to  one-half 
of  the  required  time, 
or  time  of  passage  of 
the  projectile  between 
the  threads. 

To  determine  a  for- 
mula for  the  time  that 
it  takes  for  one  of  the  pendulums  to  pass  over  a  given  arc, 
let  I  be  the  length  of  the  equivalent  simple  pendulum,  v  the 
velocity  of  the  centre  of  oscillation,  or  point  m',  y  the  vertical 
distance  passed  over  by  this  point,  x  the  variable  angle  which 
the  line  of  suspension  makes  with  the  horizontal,  and  if  the 
time  necessary  for  the  point  m'  to  pass  over  an  entire  circum- 
ference, the  radius  of  which  is  Z,  with  a  uniform  velocity,  v, 
we  have 


Substituting  for  y  its  value  in  terms  of  the  constant 
angle  of  half-oscillation  and  the  variable  angle  x,  the  above 
expression  becomes 


v  — 


cos  (90°  -  x)  ; 


from  which  we  see  that  the  velocity  of  the  pendulum   in- 
creases from  its  highest  to  its  lowest  point,  and  vice  versa. 

The  time,  t',  is  equal  to  the  circumference  of  the  circle, 
the  radius  of  which  is  I  divided  by  the  velocity,  v;  again 
dividing  this  by  360,  we  have  the  time  of  passing  over  each 
degree,  or 

t  = 


360  \/2ffl  cos  (90°  —  x) 

To  determine  ?,  it  is  necessary  to  change  the  cylindrical 
arms  of  suspension  to  knife-edges,  in  order  to  determine  the 
time  of  vibration  through  a  very  small  arc.  The  mean  of 
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500  vibrations  will  be  very  near  the  exact  time  of  a  single 
vibration.  Knowing  the  time  of  a  single  vibration,  the 
length  of  the  equivalent  simple  pendulum  can  be  obtained 
by  the  relation  l=lf  t"'*,  in  which  if'  is  this  time,  and  I'  is  the 
length  of  the  simple  seconds-pendulum  at  the  place  of  ob- 
servation. 

In  this  way  all  the  constants  of  the  expression  for  t  are 
known,  and  by  assigning  different  values  to  #,  a  table  can  be 
formed  from  which  the  times  corresponding  to  the  different 
arcs  can  be  obtained  by  simple  inspection. 

1127.  LE  BOULENGE'S  CHKONOGRAPH.  —  In  Captain  Le 
Boulenge's  instrument,  the  shot  is  made  successively  to  cut 
two  currents,  and  thus  to  demagnetize  two  electro-magnets 
which  had  previously  supported  two  heavy  bodies ;  the  fall 
of  these  bodies,  under  the  action  of  gravity,  is  the  measure 
of  the  time  taken  by  the  shot  to  pass  over  a  known  distance. 

In  the  Navez-Leurs  instrument  the  weight  liberated  by 
the  shot  is  a  pendulum  oscillating  in  front  of.  a  graduated 
arc,  the  angle  described  by  the  pendulum  being  the  measure 
of  the  time.  In  Le  Boulenge's  instrument,  however,  the 
weight  falls  freely,  and  without  any  disturbing  influence,  in 
a  vertical  direction,  and  the  distance  actually  described  by  it 
is  measured ;  the  corresponding  time  being  readily  ascer- 
tained, and  the  velocity  calculated. 

For  cases  whSre  extreme  accuracy  is  not  required,  a  scale 
has  been  prepared  whereby  the  velocity  of  the  projectile  can 
at  once  be  read  off  without  any  calculation,  an  advantage 
which  this  instrument  possesses  over  all  others.  Every  part 
of  the  chronograph  is  of  metal,  and  is  consequently  little 
influenced  by  change  of  climate,  a  property  which  would 
appear  to  render  it  peculiarly  suitable  for  use  in  countries 
where  vulcanite  and  other  insulating  materials  rapidly  dete- 
riorate. This  is  probably  the  simplest  and  most  popular  of 
all  the  gravity  instruments. 

1128.  THE  INSTRUMENT.*  —  Le  Boulenge's  Chronograph 
has   been  invented  for  two  distinct  purposes,  viz.:  1.    For 
taking   the  velocity  of  projectiles ;    2.    For   measuring   any 
short  intervals  of  time.     The  instrument  is  set  up  for  use  as 
in  Fig.  316,  showing  the  arrangement  for  taking  velocities, 
and  Fig.  317  when  required  for  measuring  short  intervals  of 

*The  instrument  is  here  represented  mounted  on  its  transporting  box. 
For  accurate  work  from  fixed  positions  it  should  be  placed  upon  a  pedestal 
resting  upon  masonry,  and 'should  be  established  with  all  the  care  which 
characterizes  the  setting  up  of  astronomical  instruments.  This  point  has 
received  great  attention  at  the  U.  S.  Naval  Experimental  Battery. 
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time.  It  consists  of  a  hollow  brass  column,  S,  which  sup- 
ports two  electro-magnets,  A, 
B,  and  a  small  bracket,  K. 
The  column  stands,  on  a  tri- 
angular base,  upon  which  is 
fixed  the  trigger  T.  (Fig. 
319.) 

The  electro-magnet,  A,  sup- 
ports a  long,  cylindrical  rod 
(Fig.  316)  suspended  vertical- 
ly and  called  the  chronometer. 
This  rod  is  partially  covered 
with  two  zinc  tubes,  D,  E,  called 
registers.  The  electro-magnet, 
B,  sustains  a  shorter  rod,  F, 
named  the  registrar.  The  trig 
ger  (Fig.  319)  consists  of  a 
circular  steel  knife,  G,  fixed  in 
a  recess  of  the  spring,  H,  by 
means  of  the  screw,  N,  which 
forms  an  axle  upon  which  it 
can  be  turned  so  as  to  bring 
a  fresh  portion  of  the  edge  op- 
posite the  chronometer. 

The  spring,  H,  can  be 
"  cocked,"  or  restrained,  by 
means  of  the  catch  on  one  end 
of  the  lever,  I.  The  other  end 
of  this  lever  carries  a  disk,  O, 
fixed  to  a  screw,  by  means  of 
which  it  can  be  raised  or  low- 
ered as  required. 

This  disk  is  vertically  below 
the  registrar  when  suspended  to 
its  electro-magnet ;  consequent- 
ly, when  the  current  through 
the  second  screen  is  broken, 
the  registrar  falls  on  the  disk 
and  releases  the  spring,  H. 
The  tube,  L  (Fig.  316),  retains 
the  registrar  after  its  fall. 

If  it  be  required  to  alter 
the  time  taken  by  the  registrar 
to  release  the  knife,  it  is  done  by  raising  or  lowering  the 
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disk  of  the  trigger  by  turning  it  in  the  direction  with  the  sun 
to  increase  the  time,  and  against  the  sun  to  reduce  it.  The 
screw  has  a  pitch  of  one  millimetre,  and  the  circumference 
of  the  disk  is  divided  by  notches  into  ten  equal  parts  in 
which  the  pawl,  P,  works ;  by  this  arrangement  the  disk  can 
be  moved  any  required  number  of  tenths  of  a  millimetre 

(within  certain  limits),  and  is 
retained  in  the  required  posi- 
tion by  the  pawl. 

The  screw,  M,  passes 
through  the  lever  and  acts 
against  the  fulcrum  supporting 
it ;  it  is  intended  for  regulating 
the  hold  of  the  catch  of  the 
lever  on  the  spring,  which 
should  always  be  as  light  as 
possible.  This  is  regulated 
once  for  all,  but  should  the 
spring  at  any  time  show  a  tend- 
ency to  escape  of  itself,  this 
defect  can  be  remedied  by 
slightly  withdrawing  the  screw, 
M. 

1129.  The  Disjunctor  (Fig. 
320)  is  composed  of  a  main- 
spring, £,  carrying  a  cross-piece, 
covered  with  insulating  ma- 
terial, and  passing  under  the 
two  steel  plates,  <?,  q'.  By 
pressing  the  milled-headed 
screw,  2,  the  spring  is  com- 
pressed and  held  by  the  catch, 
#,  allowing  the  plates,  q,  q',  to 
come  into  contact  with  the 
metal  pins,  r,  r',  and  thus  com- 
plete the  circuits  l>y  bringing 
the  screws,  8  v  and  *'  ?/,  into 
connection  with  one  another. 
When  the  catch,  a;,  is  pressed, 
the  mainspring  being  released, 
its  cross-piece  strikes  the  two  plates  exactly  at  the  same 
instant,  raises  them  from  the  screws,  and  thus  breaks  both 
currents  identically  at  the  same  time. 

Should  it  be  thought  at  any  time  that  the  disjunctor  is 


FIG.  318.  —  Electro-Magnet. 
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working  inaccurately,  the  method  of  testing  it,  and  of  cor- 
recting it  when  out  of  order,  is  very  simple,  and  will  be 
described  under  the  heading  of  "  Method  of  Correcting  Irreg- 
ularities." 


FIG.  319. 

The  arrangement  of  the  screws  and  electric  current  is 
precisely  the  same  as  when  using  the  Navez-Leurs  instru- 
ment, except  that  the  chronometer  battery  must  be  increased 
in  strength  (because  its  electro-magnet  is  required  to  sup- 
port a  greater  weight  than  in  the  Navez-Leurs  instrument), 
and  a  different  method  adopted  for  introducing  the  disjunctor 
into  the  circuit.  With  the  Le  Boulenge"  chronograph,  the 
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two  wires  from  the  positive  poles  of  the  batteries  are  not 
joined  as  with  the  Navez-Leurs,  but  are  taken  to  the  two 
connecting-screws,  8,  «',  of  the  disjimctor ;  and  thus  the  two 
currents,  though  passing  through  the  disjunctor,  are  kept 
entirely  separate. 

The  electro-magnet,  A,  is  magnetized  by  the  current 
passing  through  the  first  screen  ;  consequently  when  the  shot 
cuts  this  screen,  the  chronometer  is  released  and  falls  freely 
in  a  vertical  direction.  The  other  electro-magnet  is  in  the 
circuit  through  the  second  screen,  so  that  the  registrar  falls 
when  this  screen  is  cut,  and,  striking  the  disk  on  the  free 
end  of  the  lever  of  the  trigger,  liberates  the  spring,  which 
carries  forward  the  knife  until  it  strikes  the  chronometer  in 
its  fall  and  makes  an  indent  in  the  upper  zinc  tube. 

A  very  simple  relation  exists  (as  will  be  seen  hereafter) 
between  the  height  of  this  indent  and  the  velocity  of  the 
projectile.  It  is  evident  that  the  time  which  elapses  after 
the  fall  of  the  chronometer  before  the  registrar  is  released, 
is  the  time  taken  by  the  projectile  in  passing  over  the  dis- 
tance between  the  screens ;  the  less,  therefore,  the  velocity 
of  the  projectile,  the  further  in  advance  will  the  chronometer 
be,  and  the  higher  will  be  the  indent. 

1130.  A  Graduated  Rule  is  used  for  measuring  the  height 
of  the  indent  above  the  zero-point.     It  is  of  brass,  and  is 
graduated  on  both  edges ;  the  upper  edge  is  a  scale  of  equi- 
distant parts,  divided  into  millimetres,  reading  to  tenths  with 
a  vernier,  and  is  intended  for  use  in   connection  with  the 
tables.     The  lower  scale  is  for  reading  off  the  velocity  of 
the   projectile  without   any  calculation ;   it  is  graduated  in 
metres  for  a  distance  between  the  screens  of  50  metres.    The 
zero-point  on  the  scale  corresponds  with  the  origin,  or  the 
point  at  which  the  knife  marks  the  chronometer,  if  the  trig- 
ger is  set  in  action  when  it  is  at  rest.     The  rule  is  fitted  at 
the  zero-end  with  a  jointed  piece  having  a  slightly  conical 
projection,  which  enters  into  a  recess  in  the  bob  of  the  chro- 
nometer, when  applied  for  measuring  the  marks.     Care  must 
be  taken  not  to  injure  this  portion  of  the  scale,  or  the  meas- 
urement may  be  rendered  inaccurate.* 

1131.  THEORY  OF  THE  INSTRUMENT.  —  As  stated  above, 
if  the  trigger  be  set  in  action  when  the  chronometer  is  at 

*  The  rule,  being  a  proportional  scale,  can  be  used  for  any  distance  be- 
tween screens.  At  the  U.  S.  Naval  Experimental  Battery  the  interval  is  a 
hundred  feet,  and  the  reverse  face  of  the  rule  is  graduated  to  inches  and 
decimals,  and  tables  corresponding  are  used. 
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rest,  a  mark  will  be  made  by  the  knife  on  the  zinc,  which 
point  we  will  call  the  origin,  as  it  is  the  zero-point  from 
which  the  height  of  fall  of  the  chronometer  must  be  calcu- 
lated. 

Let  H  be  the  height  above  the  origin  of  the  mark  ob- 
tained by  firing  a  projectile  through  the  screens.  Since  the 
chronometer  follows  the  law  of  the  fall  of  heavy  bodies, 


9 

will  be  the  time  it  was  in  motion  before  receiving  the  impres- 
sion. Now  T'  would  be  the  time  required  by  the  projectile  to 
traverse  the  distance  between  the  screens,  supposing  that  the 
chronometer  commences  to  fall  the  instant  the  projectile 
passes  through  the  first  screen,  and  further,  supposing  that 
it  -is  struck  by  the  knife  at  the  precise  instant  the  shot  cuts 
the  second  screen.  But  this  is  not  the  case.  In  fact,  after 
the  rupture  of  the  first  screen,  a  certain  time,  d,  elapses  be- 
fore the  electro-magnet  is  demagnetized  sufficiently  to  free 
the  chronometer;  the  movement  of  the  chronometer  will 
therefore  be  delayed,  and  the  observed  time  consequently 
diminished,  by  the  quantity  d. 

Again,  some  time  elapses  between  the  cutting  of  the 
second  screen  and  the  moment  when  the  knife  reaches  the 
chronometer,  viz.,  the  time  required  for  the  following  opera- 
tions : 

d'  for  the  demagnetization  of  the  electro-magnet  support- 
ing the  registrar. 

tf  for  the  fall  of  the  registrar  to  the  disk  of  the  trigger. 

if'  for  the  disengagement  of  the  catch. 

tfff  for  the    knife    to   pass   over  the  horizontal  distance 
which  separates  it  from  the  chronometer. 

Now  it  is  evident  that  the  chronometer,  before  it  is  struck 
by  the  knife,  will  have  been  in  motion  during  the  sum  of  the 
above  time  in  addition  to  the  time  taken  by  the  shot  in  pass- 
ing over  the  distance  between  the  screens.  Consequently 
the  observed  time,  T',  is  too  great  by  the  sum  of  (tf  -\-  tr  -j- 
t"  -\-  tf").  We  have  also  shown  above  that  T'  is  too  small 
by  the  quantity  #,  the  time  required  to  demagnetize  the  chro- 
nometer electro-magnet.  Therefore,  to  ascertain  the  true 
time,  T,  we  must  deduct  from  T'  the  quantity  (Of  -\-  t'  -j-  t" 
+  tf"  —  0),  which  we  will  call  t. 
We  have  then  T—  T'  —  t. 
Now  suppose  T  =.  0,  or,  in  other  words,  suppose  the  shot 
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to  cut  both  screens  simultaneously,  then  we  should  have 
T'  —  t.  From  which  it  appears  that  t  should  be  the  time  re- 
corded on  the  chronometer  if  both  currents  were  cut  identi- 


y 


Horizontal  Projection. 


FIG.  320.  —  Disjunctor. 

cally  at  the  same  instant.  This  we  can  do  by  using  the  dis- 
junctor,  and  we  thus  obtain  a  mark,  on  the  lower  zinc  tube, 
at  a  height  above  the  origin  equal  to  the  space  passed  over 
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in  the  time  t,  which  we  call  the  disjunctor-reading  ;  the 
time  corresponding  to  this  reading  must  be  deducted  from 
the  whole  time  recorded  on  the  chronometer,  to  arrive  at  the 
time  taken  by  the  shot  to  traverse  the  distance  between 
the  screens.  As  before  stated,  the  disk  of  the  trigger  can 
be  raised  or  lowered  so  that  the  disjunctor-reading  can  be 
altered  (if  required)  within  certain  limits,  arid  we  can  thus 
regulate  the  instrument  so  that  the  time  t  shall  have  a  con- 
stant value.  The  value  of  t  for  which  the  velocity  scale  has 
been  calculated  is  0".15,  and  the  height  of  the  correspond- 
ing mark  above  the  origin  is  110.370  mill.  (4.248  inches). 
Starting  with  this  assumption,  a  scale  has  been  calculated  for 
a  distance  between  the  screens  of  50  metres,  by  means  of 
which  the  velocity  of  the  projectile  can  be  at  once  deter- 
mined without  the  aid  of  any  calculation.  Should  it  be 
necessary  to  place  the  screens  nearer  to  one  another,  the  ve- 
locity can  be  found  by  multiplying  the  number  read  off  on 

the  scale  by  the  fraction  ^r,  D  being  the   actual  distance 

between  the  screens  in  metres. 

The  method  of  calculating  this  scale  is  as  follows  : 
Suppose  the  shot  to   have   a   velocity  of  500    metres  a 

50 
second,  it  would  take  j-      —  0".l  to  traverse  the  distance 


between  the  screens. 

The  instrument  will,  therefore,  mark  0".15  (disjunctor- 
reading)  -j-  0".l,  or  0".25,  and  the  corresponding  height  of  fall 

from  the  origin  will  be  ff  =  fyT'2  =  9  X  (^'25)2  =  613.17 
mill. 

Conversely,  if  the  mark  on  the  chronometer  is  613.17 
mill,  above  the  origin,  we  know  that  the  velocity  of  the  pro- 
jectile is  500  metres  a  second;  the  disjunctor-reading  being 
at  a  height  corresponding  to  0".15,  and  the  screens  50  metres 
apart. 

This  calculation  has  been  made  for  a  series  of  velocities 
increasing  from  metre  to  metre  for  all  ordinary  velocities, 
and  the  corresponding  heights  engraved  on  the  scale  sup- 
plied with  the  instrument. 

This  scale  is  inconvenient,  as  it  is  necessary  to  use  a  mul- 
tiplier in  order  to  ascertain  the  velocity  in  feet  corresponding 
to  the  number  read  off,  and  this  multiplier  varies  with  the 
distance  between  the  screens. 
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1132.  METHOD  OF  ADJUSTING  THE  INSTRUMENT. — Set- 
ting up  the   Chronograph.  —  For  transport  the  different  por- 
tions of  the  instrument  are  packed  in  a  box,  which  can  be 
made  to  serve  the  purpose  of  a  stand  by  means  of  an  iron 
tripod  supplied  with  it. 

This  arrangement  is  no  doubt  very  convenient  in  cases 
where  it  is  required  to  move  the  instrument  constantly  and 
set  it  up  in  different  positions.  For  proving  powder,  or  in 
similar  cases,  where  the  instrument  is  stationary,  it  is  advisa- 
ble to  have  recourse  to  a  more  permanent  arrangement,  as  at 
the  Experimental  Battery,  Annapolis. 

The  triangular  piece  which  supports  the  trigger  and  the 
column  is  fastened  to  a  heavy  cast-iron  base  by  the  three 
screws  supplied  with  the  instrument.  This  base  is  13  inches 
square  and  1  inch  thick,  and  is  supported  on  four  milled- 
headed  levelling-screws,  which  work  in  brass  Vs  let  into  the 
oak  block. 

The  instrument  is  permanently  fixed  to  the  stand,  and  is 
covered,  when  not  in  use,  by  a  glass  case  to  protect  it  from 
injury,  a  small  beaker  containing  calcined  chloride  of  calcium 
being  used  to  absorb  the  moisture  under  the  case. 

The  electro-magnets  are  fixed  in  position  by  passing  the 
screwed  stems  through  the  column  and  fastening  them  with 
milled-headed  nuts  (Fig.  318).  Two  zinc  tubes,  or  registers, 
are  placed  on  the  chronometer ;  to  put  on  the  small  one  the 
bob  at  the  lower  end  must  first  be  unscrewed.  The  tubes 
should  be  pressed  slightly  out  of  shape  before  being  put  on, 
to  cause  them  to  fit  tightly  on  the  rod,  and  not  to  shift  too 
easily.  It  is  well  to  see,  from  time  to  time  during  the 
operation,  that  the  bottom  of  the  tube  is  resting  against  the 
bob. 

The  connections  with  the  battery  and  the  screens  having 
been  established,  and  the  currents  found  to  pass  correctly, 
and  to.  be  of  sufficient  strength,  the  next  step  is  to  adjust  and 
regulate  the  instrument. 

This  consists  of  three  operations,  viz. : 

1st.  Levelling  the  instrument. 

2d.  Regulating  the  power  of  the  electro-magnets. 

3d.  Regulating  the  height  of  the  disjunctor-reading. 

1133.  1st.  Levelling   the   Instrument.  —  For  this  purpose 
the  chronometer  is  used.     After  having  cocked  the  trigger, 
suspend  the  chronometer  to  its  electro-magnet,  and  bring  it 
into  its  proper  position  by  means  of  the  levelling-screws. 

In  levelling  from  front  to  rear,  see  that  the  inclined  plane 
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on  the  bob,  on  the  side  opposite  the  number,  rests  very  lightly 
against  the  projecting  edge  of  the  triangular  base. 

To  level  laterally,  the  right  face  of  the  bob  is  brought 
exactly  in  line  with  the  salient  angle  formed  by  the  projec- 
tion above  referred  to.  In  this  position  the  left  face  of  the 
bob  is  a  short  distance  from  the  screw,  E ;  the  edge  of  the 
knife  is  opposite  and  slightly  behind  the  zinc  tube  ;  and  when 
the  chronometer  falls,  the  projecting  ring  passes  clear  of  the 
knife-edge.  To  test  whether  this  is  the  case,  break  the  cir- 
cuit by  means  of  the  disjunctor,  and  notice  whether  there  is 
any  friction,  or  if  any  thing  catches  during  the  fall. 

To  ascertain  whether  the  chronometer  is  properly  levelled 
from  front  to  rear,  see  that  the  inclined  plane  on  the  bob 
rests  along  its  whole  length  against  the  projecting  edge ; 
then  remove  it  sideways  out  of  the  vertical,  by  pushing'  the 
bob  against  the  screw,  E,  when  it  will  return  into  its  original 
position,  if  properly  levelled: 

The  levelling  being  completed,  and  the  registrar  sus- 
pended to  its  electro-magnet,  the  inclined  plane  on  the  bob, 
on  the  side  opposite  the  number,  should  rest  very  lightly 
against  the  edge  of  the  arm,  K.  This  arm  is  fitted  in  a 
bracket,  and  its  position  can  be  altered  by  means  of  an 
adjusting-screw.  This  adjustment  need  only  be  performed 
once  for  all  ordinary  positions  of  the  instrument  when  used 
in  taking  velocities. 

If  the  electro-magnet  and  the  bracket  be  removed  to  the 
upper  part  of  the  column,  as  shown  in  Fig.  317,  it  may  be 
necessary  to  re-adjust  the  arm  in  order  that  the  registrar  may 
still  hang  vertically.  The  levelling  of  the  registrar  is  veri- 
fied in  the  same  manner  as  in  the  case  of  the  chronometer, 
viz.,  by  ascertaining  —  1st.  That  when  moved  laterally  it 
returns  to  its  original  position ;  2d.  That  it  falls  freely  with- 
out touching  the  tube,  L. 

1134.  2d.  Regulating  the  Electro-magnets.  —  This  is  done 
(as  with  the  Navez-Leurs  instrument)  by  withdrawing  the 
core  of  the  magnets  until  they  are  only  capable  of  just  sup- 
porting the  rods.  It  is  always  an  advantage  to  work  with 
weak  magnets,  as  the  variation  in  the  time  required  to  de- 
magnetize them  need  not  be  taken  into  account;  should, 
however,  their  power  be  insufficient,  the  operator  will  experi- 
ence some  difficulty  in  suspending  the  rods. 

The  following  method  has  been  adopted  for  making  the 
electro-magnets  of  just  sufficient  power : 

The   chronometer,   with  its   zinc   tubes,  is  increased   in 
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weight  by  means  of  a  brass  tube,  which  is  slipped  over  the 
upper  zinc.  It  is  then  suspended  to  the  magnet,  and  the  core 
gradually  withdrawn  until  the  power  is  insufficient  to  sup- 
port the  weight,  when  it  falls.  The  core  must  be  turned 
slowly  and  gently,  so  as  not  to  free  the  rod  by  any  jar  or 
vibration.  The  extra  weight  is  then  removed,  and  the  chro- 
nometer can  be  suspended  without  difficulty. 

The  other  magnet  is  regulated  in  the  same  manner,  a 
smaller  brass  tube  being  supplied  for  increasing  the  weight 
of  the  registrar. 

In  order  to  suspend  the  chronometer  to  its  electro-mag- 
net without  difficulty,  the  following  method  should  be 
adopted :  Hold  it  lightly  in  the  left  hand  at  the  centre,  the 
fingers  open  and  towards  the  body ;  allow  the  bob  to  rest 
upo'n  the  second  joint  of  the  first  finger  of  the  right  hand, 
the  hand  being  half  open,  the  palm  vertical  and  turned 
towards  the  body,  and  the  fingers  together;  the  chronome- 
ter is  thus  held  in  a  vertical  position,  the  numbered  face  of 
the  bob  being  turned  towards  the  operator.  Bring  it  in  this 
position  to  the  electro-magnet,  by  placing  the  exterior  sur- 
faces of  the  two  cones  in  contact,  and,  as  soon  as  attraction 
is  perceived,  let  go  with  the  left  hand,  still  keeping  the  fin- 
gers near  to  catch  the  chronometer  should  it  fall.  Then 
slowly  lower  the  right  hand,  so  that  the  two  cones,  sliding 
over  one  another,  remain  with  their  points  only  in  contact, 
and  place  the  bob  in  its  proper  position  by  moving  the  first 
finger  of  the  right  hand,  upon  which  it  still  rests.  This 
done,  withdraw  the  support  of  the  right  hand  by  lowering  it 
vertically,  when  the  chronometer  will  remain  suspended  in 
its  proper  position.  If  there  should  be  any  vibration  it  will 
soon  cease  from  the  friction  against  the  rest. 

The  registrar  is  suspended  in  the  same  manner,  but  tfie 
chronometer  is  always  placed  in  position  first. 

Difficulty  is  sometimes  experienced  by  beginners  in  sus- 
pending the  parts  of  the  chronograph ;  minute  details  have 
therefore  been  given  as  to  the  best  way  of  doing  so. 

The  other  operations  are  exceedingly  simple. 

To  cock  the  disjunctor,  so  as  to  establish  the  currents, 
press  the  milled-headed  screw,  z  (Fig.  320),  with  the  centre 
finger  of  the  right  hand,  until  the  spring  is  held  by  the 
catch,  x. 

To  break  the  currents  press  the  catch,  #,  with  the  forefin- 
ger of  the  right  hand,  the  thumb  being  placed  against  the 
support,  y. 
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In  cocking  the  trigger  care  must  be  taken  not  to  disturb 
the  level  of  the  instrument;  consequently  the  left  hand 
only  is  used,  the  fingers  being  placed  against  the  support  of 
the  tube,  L,  and  the  spring  drawn  back  with  the  thumb 
until  it  is  held  by  the  claw  of  the  lever. 

The  trigger  must  always  be  cocked  before  attempting  to  sus- 
pend the  chronometer. 

1135.  3d.  Regulating  the  Disjunctor-reading. —  As  we 
have  said  before,  this  reading  should  represent  a  time  —  0".15, 
and  the  mark  should  consequently  be  110.37  mill,  above 
the  origin.  This  height  is  shown  on  the  scale  by  a  special 
mark  called  disjunction.  To  facilitate  the  operation,  com- 
mence by  tracing  on  the  small  zinc  tube  a  circle  at  the  re- 
quired height.  For  this  purpose  fasten  the  vernier  by 
means  of  the  clamping-screw,  with  the  index  opposite  the 
line  marked  "disjunction."  Place  the  chronometer  flat  on  a 
table  with  the  numbered  face  next  the  body,  and  apply  the 
rule  to  it  by  inserting  the  conical  point  of  the  hinge  in  the 
recess  of  the  bob,  allowing  the  index  of  the  vernier  to  rest 
on  the  zinc.  Support  the  end  of  the  rule  in  the  right  hand, 
and  with  the  left  turn  the  tube,  taking  care  to  keep  it 
pressed  against  the  bob  at  the  lower  end  of  the  chronome- 
ter. In  this  manner  a  fine  line  is  traced  on  the  tube,  with 
which,  when  the  instrument  is  well  regulated,  the  disjunc- 
tor-marks  ought  to  correspond. 

The  indent  made  by  the  knife  is  a  notch,  clearly  cut  in 
the  metal,  the  base  of  which  is  in  a  plane  perpendicular 
to  the  axis  of  the  tube.  It  is  the  section  of  this  plane 
with  the  tube  which  must  be  taken  as  the  mark,  and  the 
index  of  the  vernier  must  always  be  brought  against  it  when 
reading  the  height  of  the  indent. 

The  point  of  the  vernier  index  is  of  the  same  form  as 
the  edge  of  the  knife,  and  consequently  fits '  accurately 
against  the  plane  (or  lower)  side  of  the  indent,  so  that  there 
can  be  no  uncertainty  in  the  measurement. 

The  instrument  having  been  prepared,  a  disjunctor-read- 
irig  is  taken ;  if  the  mark  is  exactly  on  the  circle  previously 
traced,  no  alteration  is  necessary,  and  the  experiments  can 
be  proceeded  with  at  once. 

Should  the  mark,  however,  be  above  the  circle,  the  space 
through  which  the  registrar  falls  must  be  diminished  by 
raising  the  disk  of  the  trigger ;  if  below,  the  disk  must  be 
lowered.  In  the  former  case  it  is  turned  in  the  contrary 
direction  to  the  sun,  and  in  the  latter  case  with  the  sun. 
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The  arrangement  by  which  the  amount  of  alteration  in 
the  height  of  the  disk  is  regulated  has  already  been  pointed 
out  when  describing  the  trigger.  When  the  height  of  the 
disk  has  been  regulated  for  some  previous  experiments,  the 
reading  will  not  vary  on  another  occasion  more  than  a  few 
tenths  of  a  millimetre,  and  this  can  be  (at  once)  corrected 
by  turning  the  disk,  in  the  proper  direction,  through  the 
required  number  of  divisions  of  the  circle. 

1136.  METHOD  OF  TAKING   VELOCITIES.  —  The   instru- 
ment is  prepared  for  measuring  velocities  in  the  same  man- 
ner as   for   taking   the   disjunctor-reading.     First   cock    the 
disjunctor,  then  the  trigger,  and  afterwards  suspend  the  chro- 
nometer and  registrar.     Before  suspending  the  rods,   how- 
ever, it  is  advisable,  in  order  to  prevent  the  possibility  of 
errors  in  measuring  the  indents  given  by  different  rounds, 
to  make  ink-marks  round  the  lower  edge  of  the  upper  zinc 
tube,  about  one-twentieth  of  an  inch  apart,  and  to  turn  the 
tube  after  each  round  so  as  to  bring  these  marks  successively 
opposite  the  line  on  the  centre  ring.     Equidistant  lines  are 
thus  obtained,  upon  which  the  marks  of  successive  rounds 
will  be  registered. 

The  same  may  be  done  with  the  lower  (or  disjunctor) 
tube  ;  by  this  means  each  tube  can  be  made  to  register  about 
twenty  indents  at  each  end,  and  can  be  turned  end  for  end 
when  ths  circle  at  one  extremity  is  completed. 

An  indent  having  been  obtained  on  the  upper  tube  by 
firing  a  projectile  through  the  screens,  the  velocity  may  be 
ascertained  in  two  ways :  1st,  by  measuring  the  height  of 
the  mark  above  the  origin,  and  calculating  the  time  and  cor- 
responding velocity  from  the  tables;  2d,  by  measuring  the 
velocity  on  the  scale  adapted  for  that  purpose. 

The  former  method  is  the  more  accurate,  while  the  lat- 
ter takes  less  time,  and,  for  ordinary  purposes,  such  as  the 
proof  of  powder,  indicates  the  velocity  within  sufficiently 
narrow  limits. 

1137.  METHOD    OF    CORRECTING    IRREGULARITIES.— 
When  the  foregoing  directions  for  adjusting  and  regulating 
the  instrument  are  adhered  to,  not  only  do  successive  dis- 
junctor-readings  taken  between  the  rounds  agree  within  MTV 
narrow  limits,  but  the  readings  generally  remain   constant 
from  one  round  to  another.     It  is  therefore  sufficient,  when 
accustomed  to  the  chronograph,  in  order  to  insure  its  regu- 
larity, to  take  a  reading  of  the  disjunctor  after  every  three 
or  four  rounds. 
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The  operator  must  judge  from  the  regularity  of  these 
readings  whether  he  should  repeat  them,  and  whether  it  may 
be  necessary  to  readjust  the  instrument. 

The  following  directions  will  assist  him:  If  the  reading 
is  too  high  or  too  low,  repeat  it ;  and  if  the  difference  remains 
constant,  and  is  small,  the  height  of  the  disk  of  the  trigger 
need  only  be  altered.  Should,  however,  the  error  be  consid- 
erable, indicating  that  there  is  a  variation  in  the  force  of 
one  of  the  magnets,  this  force  must  be  regulated. 

Should  the  disjunctor-readings  become  irregular,  the  fol- 
lowing points  must  be  looked  to,  viz. : 

1st.  If  one  of  the  magnets  has  not  become  too  strong. 

2d.  If  the  instrument  is  properly  levelled ;  that  is,  if  the 
rods  hang  vertically,  and  do  not  rest  too  heavily  against  the 
support. 

3d.  If  there  be  not  an  imperfect  connection  in  the  cir- 
cuits, including  the  battery  and  the  screens. 

Should  the  mark  obtained  be  indistinct,  the  chronometer 
must  be  brought  nearer  to  the  knife  (by  means  of  the  level- 
ling-screws),  care  being  taken  that  it  still  falls  freely  and 
without  friction. 

If,  during  the  experiments,  one  of  the  currents  becomes 
broken  without  any  apparent  cause,  try  (after  ascertaining 
that  the  screens  are  properly  mended),  whether  there  is  con- 
tact between  the  plates,  <?,  qf,  of  the  disjunctor  (Fig.  320), 
and  the  pins,  r,  /,  by  removing  the  wire  from  the  binding- 
screw  at  one  extremity  of  the  plate,  and  bringing  it  into  con- 
tact with  the  screw  at  the  other  end.  If  the  current  is  thus 
re-established,  it  shows  that  the  break  occurs  at  the  point  of 
contact  of  this  plate  with  the  screw,  which  should  be  cleaned 
by  passing  a  piece  of  paper  between  them. 

The  only  parts  of  the  instrument  that  require  special 
attention  are  the  points  of  contact  between  the  rods  and  the 
electro-magnets. 

These  four  points  ought  to  be  kept  clean  and  polished, 
and  it  is  as  well  never  to  touch  them  with  the  fingers,  and  to 
rub  them  frequently  with  a  chamois-leather.  The  rest  of 
the  instrument  may  be  covered  with  rust  and  dirt  without 
affecting  its  working,  whilst  a  single  spot  of  rust  on  one  of 
these  points  may  cause  irregularity  in  the  disjunctor-read- 
ings. If  by  accident  they  should  get  rusty,  very  fine  emery 
cloth  must  be  used  to  clean  them,  care  being  taken  to  rub 
round  the  point  so  as  not  to  alter  its  form. 

From  the  nature  of  the  instrument  itself  nothing  can 
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affect  the  chronometer  while  falling,  and  the  rate  of  falling 
being  according  to  a  well-known  and  invariable  law,  it  is  evi- 
dent that  there  can  be  no  constant  error  in  the  measurement 
of  velocities,  provided  that  the  scale  is  correctly  graduated, 
and  the  disjunctor  in  proper  working  order. 

The  accidental  errors  which  may  be  committed  correspond 
to  those  which  occur  when  a  series  of  disjunctor-readings 
are  taken,  after  the  instrument  has  been  properly  regulated ; 
and  any  one  at  all  accustomed  to  using  the  instrument  will 
see  at  once  that  the  errors  in  determining  velocities  (includ- 
ing errors  in  reading  the  scale)  do  not  exceed  a  few  dechnS- 
tres,  and  that  the  results  are  sufficiently  accurate  for  ordi- 
nary experiments,  the  variations  being  far  less  than  those 
due  to  other  causes. 

If  the  two  currents  are  not  broken  by  the  disjunctor 
identically  at  the  same  instant,  there  will  be  a  constant  error 
in  the  readings.  The  disjunctor  is  not  liable  to  get  out  of 
order,  but,  if  required,  its  accuracy  can  at  any  time  be  veri- 
fied as  follows : 

Determine  the  height  of  the  disjunctor-reading,  and  then 
invert  the  currents  by  removing  the  wires  which  were  first 
at  s  and  v  to  /  and  v',  and  those  at  sf  and  v'  to  s  and  v  (Fig. 
320),  so  as  to  send  the  chronometer  current  through  the 
side  on  which  the  registrar  current  first  passed,  and  vice 
versa.  Having  done  this,  take  several  readings,  and  ascer- 
tain whether  they  agree  with  those  previously  taken,  which 
will  be  the  case  if  the  disjunctor  is  correct. 

If  there  should  be  any  difference  between  the  height  of 
these  two  series,  it  represents  double  the  error  of  the  disjunc- 
tor, and  from  the  relative  position  of  the  marks  it  can  be 
seen  on  which  side  contact  is  first  broken ;  i.e.,  which  plate 
is  raised  before  the  other.  To  correct  this  error,  it  is  only 
necessary  to  elevate  or  lower  one  of  the  screws,  v  v',  until 
both  plates  are  raised  by  the  cross-piece  of  the  spring  exactly 
at  the  same  moment. 

1138.  SCHULTZ  CHRONOSCOPE.  — This  instrument, 
invented  by  Captain  Schultz,  of  the  French  artillery,  is  de- 
signed for  measuring  very  short  intervals  of  time.  By 
means  of  it,  periods  varying  from  thirty  seconds  to  the  ^oVtf 
part  of  a  second  have  been  measured  with  very  great  approx- 
imation, and  with  great  ease  and  accuracy.  It  was  intro- 
duced into  the  United  States  by  Colonel  Laidley  for  the  pur- 
pose of  determining  the  initial  velocity  of  projectiles  in  the 
proof  of  gunpowder. 
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A  tuning-fork,  making  an  ascertained  number  of  vibra- 
tions per  second,  is  arranged  to  trace  on  the  blackened  sur- 
face of  a  revolving  cylinder  a  sinuous  line,  showing  the 


FIG.  321.— Schultz  Chronoscope. 


J.    Cylinder. 
2.    Clock-work. 


3.  Pendulum. 

4.  Vibrating-fork. 


5.  Ruhmkorff  Coil. 

6.  Interrupter. 


7.  Micrometer. 

8.  Target. 


beginning  and  end  of  each  vibration.  This  sinuous  trace 
will  be  an  actual  scale  of  time.  If,  then,  the  instant  the 
projectile  reaches  each  of  the  two  given  points  in  its  trajec- 
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tory  be  marked  upon  the  cylinder,  beside  the  sinuons  line  or 
scale  of  time,  the  number  of  vibrations  comprehended  be- 
tween the  two  marks  will  be  an  exact  measurement  of  the 
time  required. 

The  important  parts  of  the  machine  (Fig.  321)  are  the 
Cylinder,  Vibrating-fork,  Electric  Interrupter,  Ruhmkorff  Coil, 
Pendulum,  and  Micrometer;  and,  while  experimenting,  the 
Galvanic  Batteries  and  Targets. 

1139.  The  Cylinder,  with  its  connections,  forms  the  most 
bulky  of  the  working  parts.     A  double  motion  of  rotation 
and  translation  is  given  it  by  means  of  a  cord  and  weight 
acting  on  a  system  of  clockwork.     These  motions  can  also 
be  given  separately  by  hand,  independent  of  the  weights. 
The  cylinder  is  detached  from  or  connected  with  the  clock- 
work by  a  thumbscrew  that  clamps  one  of  the  wheels ;  and 
the  sliding  motion  is  produced  or  stopped  by  closing  or  open- 
ing the  nut  in  which  the  translating-screw  works. 

The  silver  face  of  the  cylinder  is  covered  with  a  thin 
coating  of  lamp-black,  which  is  removed  by  the  trace  and 
spark,  and  the  bright  surface  exposed  in  strong  contrast  to 
the  blackened  parts. 

1140.  The  Vibrating-fork  stands  immediately  in  front  of 
the  cylinder.     It  is  clamped  tightly  to  the  bed-plate  of  the 
machine,  Which  is  of  iron,  resting  on  a  stout  oak  table.     On 
each  side  of  the  fork,  supported  on  a  stand,  are  two  small 
electro-magnets,  meant  to  originate,  sustain,  and  equalize  its 
vibrations,  and  can  be  set  at  any  required  distance  from  it. 
The  left  branch  of  the  fork  is  armed  with  a  flexible  quill 
point,  which  can  be  made  to  touch  the  cylinder  at  pleasure, 
and  thus  trace  upon  it  both  the  middle  line  and  the  line  of 
vibration,  in  the  form  of  a  helix ;  the  former  while  the  fork 
is  at  rest,  and  the  latter  while  it  is  vibrating. 

1141.  The  Interrupter  is  the  point  of  termination  of  the 
poles  of  the  battery  which  supplies  the  current  for  the  small 
electro-magnets.     It   consists  of  a  light  beam  one  end  of 
which  is  fixed,  and  the  other  end,  extending  beneath  two 
electro-magnets  and  over  a  small  cup  containing  mercury 
and  alcohol,  has  a  platinum  blade  attached  which  rises  from 
or  descends  to  the  surface  of  the  mercury  as  the  beam  is 
affected  by  the  electro-magnets  above  it.     One  pole  of  the 
battery  passes  through  a  platinum  wire  into  the  mercury; 
the   platinum    blade  at  the  end  of  the  beam  becomes  the 
other  pole,  and  each  time  it  touches  the  surface  of  the  mer- 
cury, completes  the  circuit  and  excites  the  electro-magnets 
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on  each  side  of  the  fork,  as  well  as  those  which  act  on  the 
beam  itself.  The  magnets  lift  the  blade  out  of  the  mercury 
by  attracting  the  beam  and  thus  rupture  the  current.  This 
done  the  magnets  lose  their  magnetic  force,  release  the  beam, 
arid  the  blade  descends  to  the  mercury,  completing  the  cir- 
cuit, and  so  on.  All  the  electro-magnets  being  in  the  same 
current,  are  subject  to  a  change  of  condition  with  each  mo- 
tion of  the  beam,  which  must  rise  and  fall  as  often  as  the 
fork  vibrates,  accommodating  itself  to  and  acting  in  unison 
with  it,  in  order  that  the  small  electro-magnets  shall  always 
assist  and  never  retard  the  vibration  of  the  fork. 

Small  sliding  weights  are  attached  to  the  beam,  which, 
when  moved,  change  its  time  of  rise  and  fall ;  the  mercury- 
cup,  when  raised  or  lowered,  has  the  same  effect.  Should 
the  above  means  fail,  recourse  is  had  to  the  nuts  that  clamp 
the  beam,  and  these  are  tightened  or  loosened  until  the 
proper  movement  is  obtained.  If  the  fork  vibrates  for 
twenty  or  thirty  seconds  without  apparent  change,  the  beam 
is  supposed  to  be  nnoving  in  unison  with  it,  as  there  can  be 
no  permanent  vibration  of  the  fork  unless  this  condition  be 
fulfilled. 

1142.  Russell's  Electrical  Interrupter.  —  In  the  Schultz 
ehronoscope  at  West  Point  the  detached  mercury  inter- 
rupter has  been  replaced  by  a  light  metallic  spring,  which  is 
pressed  against  the  tuning-fork  on  the  inner  side  of  the 
prong,  making  the  fork  its  own  interrupter  when  the  electri- 
cal current  is  passed  through  it. 

The  end  of  the  tuning-fork  is  shown  at  M,  and  above  it 
the  ebonite  table,  A,  insulating  the  clamps,  b  b',  and  the  sup- 
port, c  c.  B  is  a  brass  plate  which  is  fastened  to  the  table,  A, 
by  the  screw,  J,  working  through  the  slot,  //,  into  the  base  of 
the  clamp,  b.  This  screw  should  have  a  milled  head  as  at  d'. 
Riveted  to  the  plate,  B,  is  an  elastic  strip,  e,  fitted  with  pro- 
jections as  at  /',  to  hold  the  spring  s.  A  screw,  £,  works 
through  the  plate,  B,  against  the  strip,  (?,  thereby  raising  or 
lowering  the  end  of  the  latter.  By  this  means  the  spring,  s, 
can  be  pressed  against  the  platinum  point,  p,  fixed  on  the 
inner  side  of  the  counterpoise,  m,  of  the  tuning-fork. 

The  fork  and  the  spring  are  connected  with  the  opposite 
poles  of  a  galvanic  battery,  and  the  current  is  made  and 
broken  at  p  by  the  vibration  of  the  fork. 

For  adjustment  the  plate,  B,  is  slipped  under  the  table,  A, 
and  fastened  by  the  screw,  c?,  so  that  the  spring,  s,  is  just  out 
of  contact  with  the  point,  p. 
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A  thumb-screw,  r,  is  attached  to  the  base  of  the  fork  for 
receiving  one  wire  from  the  battery.  The  other  wire  runs 
about  the  electro-magnets  at  H,  and  thence  to  the  thumb- 
screw, b.  A  battery  of  four  Bunsen's  cells  works  the  inter- 
rupter. 

1143.  The  wires  being  adjusted,  the  circuit  is  completed 
at  p  by  a  turn  of  the  screw,  t,  and  the  electro-magnets  becom- 
ing magnetized  draw  the  prongs  apart.     This  breaks  contact 
at  p ;  the  fork  flies  back  and  continues  to  vibrate,  the  con- 
tact being  made  and  broken  at  every  vibration. 

The  advantages  of  this  device  over  the  other  interrupter 
are : 

1.  The   adjustments   are   exceedingly   simple    and    they 
require  but  little  time,  while  with  the    detached   mercury 
interrupter  they  are  very  delicate  and  difficult. 

2.  The  manipulation  is  very  simple  and  rapid,  a  mere 
turn  of  the  screw  producing  vibration. 

3.  The  use  of  the  mercury-cup  is  entirely  avoided. 

4.  Extra  electro-magnets  for  the  interrupter  are  dispensed 
with,  and  the  strength  of  the  battery  can  be  greatly  reduced. 

5.  The  arrangement  is  cheap  and  simple,  and  not  easily 
deranged. 

1144.  The    Riihmkorff    Coil.  —  The    secondary   currents 
obtained  by  magnetic  induction  possess  a  high  degree   of 
intensity,  and  if  the  circuit  be  broken  at  the  moment  the  cur- 
rent is  passing,  a  brilliant  spark  will  be  observed  at  the 
point  at  which  the  interruption  is  occasioned. 

The  secondary  currents  are  rendered  efficient  by  means 
of  the  Ruhmkorff  coil.  It  consists  of  two  concentric  helices 
of  copper  wire ;  the  primary  or  inner  coil  consisting  of  a 
stouter  and  shorter  wire  than  the  secondary  or  outer  coil, 
which  is  made  of  a  very  thin  wire,  insulated  by  silk,  and 
each  layer  of  coils  is  carefully  insulated  from  the  adjacent 
layer ;  a  bundle  of  soft  iron  wire  is  placed  in  the  axis  of  the 
coils.  The  primary  coil  is  not  continuous  through  its  length, 
but  admits  of  being  broken.  So  long  as  the  current  circu- 
lates uninterruptedly  through  it,  the  iron  core  becomes  an 
artificial  magnet.  As  soon  as  the  current  is  broken,  how- 
ever, the  iron  core  ceases  to  be  a  magnet,  but  a  powerful  sec- 
ondary current  is  induced  in  the  secondary  coil,  which  will 
emit  a  spark  at  any  point  in  its  circuit  where  broken. 

The  power  of  the  instrument,  and  the  intensity  and  strik- 
ing distance  of  the  spark,  may  be  much  increased  by  con- 
necting the  primary  wire  with  the  modification  of  the  Ley- 
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den  jar,  commonly  called  a  condenser.  This  consists  of  a 
pile  of  alternate  sheets  of  brown  paper  or  oil-silk  and  tin- 
foil. 

To  use  the  Ruhmkorff  coil,  the  primary  wire  is  con- 
nected with  a  battery  and  the  targets;  the  secondary  wire 
with  the  instrument ;  one  of  the  ends  is  brought  through  a 
glass  tube  close  to  the  cylinder  just  over  the  fork,  the  other 
end  is  connected  with  the  bed-plate  and  thence  with  the  cyl- 
inder and  other  parts  of  the  machine,  except  the  support  for 
the  glass  tube,  which  is  carefully  insulated.  By  this  ar- 
rangement, when  the  primary  current  is  broken  by  ruptur- 
ing the  target  wire,  a  secondary  current  is  induced  and  a 
spark  is  projected  from  the  end  in  the  glass  tube  to  the  face 
of  the  cylinder,  which  represents  the  other  end,  where  a 
bright  spot  beside  the  trace  indicates  the  exact  instant  the 
rupture  took  place. 

1145.  The  Pendulum  is  used  to  determine  the  exact  num- 
ber of  vibrations  of  the  fork  in  a  second  of  time,  a  matter 
of  the  greatest  importance.     It  is  connected  with  an  ordi- 
nary clock-work,  and  should  be  regulated  to  beat  half-seconds 
with  accuracy.     Below  it  is  an  insulated  upright  spring,  the 
movable  end  of  which  is  in  contact  with  a  metallic  stand. 
To  determine  the  number  of  the  fork's  vibrations,  the  Ruhm- 
korff coil  is  put  in  connection,  no  longer  with  the  targets, 
but  with  the  pendulum,  one  pole  of  the  primary  current 
being  attached  to  the  spring,  and  the  other  pole  to  the  metal- 
lic stand.     A  spring  is  fixed  to   the  end  of  the  pendulum 
itself,   which,   at   every  double   beat,   strikes   the   insulated 
spring  from  its  place,  thus  breaking  the  current  and  giving  a 
spark  on  the  cylinder  to  mark  each  second  of  time.     As  the 
cylinder  can  run  for  thirty  seconds,  the  number  of  vibrations 
sought  can  be  obtained  with  close  approximation,  by  divid- 
ing the  entire  number  of  vibrations  registered  on  the  cylin- 
der by  the  number  of  seconds. 

1146.  The  Micrometer  serves  to  divide  a  vibration  on  the 
cylinder  into  very  small  parts  for  close  reading.     It  magni- 
fies the  trace,  and,  by  means  of  movable  cross-hairs,  fixes  t la- 
position    of    the   spark.      A    double   vibration    of    ordinary 
length  may  be  divided  into  2,000  parts,  and  as  each  of  the 
former  is  about  the  2£T  portion  of  a  second,  the  readings  of 
the  micrometer  may  approximate  to  the  ^^oFo  Porti°n  °f  a 
second  of  time. 

1147.  The  Batteries.  —  A  Bunsen's  battery  of  eight  cups, 
the  zinc  cylinders  of  which  are  seven  inches  long  and  three 
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inches  in  diameter,  is  connected  with  the  interrupter  arid 
tuning-fork ;  and  another  battery  of  two,  three,  or  four  cups 
is  connected  with  the  Ruhmkorff  coil.  The  number  of  cups 
used  with  the  latter  will  depend  on  the  size  and  distinctness 
of  the  spark  required,  and  on  the  length  of  the  wire  used. 
The  wire  need  not  be  more  than  .06  inch  in  thickness. 

By  using  a  solution  of  bi-chromate  of  potash  instead  of 
nitric  acid  in  the  porous  cups,  a  saving  in  the  cost  of  the 
liquid  is  effected  and  the  injurious  fumes  of  nitrous  acid 
avoided,  without  loss  of  strength  in  the  battery.  The  liquids 
in  the  cups  should  be  renewed,  and  the  parts  of  the  battery 
cleaned,  once  a  week. 

1148.  The    Targets.  —  In    working   the    instrument   it   is 
essential  that  the  current  pass  only  through  one  target  at  a 
time,  there  being  but  one  coil  and  one  battery,  no  matter 
how  many  targets  may  be  used.     After  the  first  target  is 
ruptured,  the  current  must  be  transferred  to  the  succeeding 
one  before  the  projectile  reaches  it,  and  so  on  throughout  the 
series.     The  targets  must  therefore  be  so  made  and  arranged 
as  that  each  shall  transfer  the  current  to  the  succeeding  tar- 
get the  instant  its  wires  are  ruptured  ;  and  that  the  transfer 
shall  be  completed  before  the  projectile  reaches  the  latter. 

To  effect  this,  a  wire  from  one  pole  of  the  battery  con- 
nects both  targets  on  one  side.  From  the  other  pole  a  wire 
leads  to  the  first  target,  and  is  attached  to  one  of  two  brass 
rods  that  are  on  the  top  of  the  frame.  A  wire  from  the  sec- 
ond brass  rod  leads  to  the  second  target.  If  the  rods  be 
connected  by  resting  a  piece  of  metal  on  both,  the  current 
will  pass  continuously  through  both  targets ;  but  if  the  rods 
be  disconnected,  the  current,  being  interrupted  by  their 
separation,  will  pass  through  the  first  target  only.  A  series 
of  brass  levers  are  placed  on  the  top  of  the  frame,  extending 
directly  over  the  two  rods.  From  their  lower  ends  a  wire 
passes  down  and  up  to  form  the  target;  when  the  wire  is 
tightened,  the  levers  are  raised  from  contact  with  the  two 
rods.  Now,  the  first  target  being  broken,  the  levers  are 
released  by  the  slackening  of  the  wire  and  are  instantly 
pressed  down  upon  the  two  rods  by  a  series  of  steel  springs, 
and  the  connection  made  with  the  second  target. 

In  the  experiments  made  at  the  Frankford  Arsenal,  with 
targets  one  foot  apart,  the  current  was  transferred  from  one 
to  the  other  by  means  of  a  simple  brass  spring,  in  less  than 

Toojo  °f  a  secon(l  °f  time. 

1149.  Principles  of  the  Machine.  —  From  the  above  de- 
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scription  of  its  parts,  it  will  be  understood  that  the  fork, 
when  vibrating,  traces  a  scale  of  time  on  the  coated  surface 
of  the  revolving  cylinder,  the  unit  of  which  is  the  duration 
of  a  double  vibration.  The  value  of  the  unit  for  this  ma- 
chine is  jj^-gVrj  °f  a  second  of  time.  The  interrupter  origi- 
nates, sustains,  and  equalizes  the  lateral  extent  of  the  vibra- 
tions of  the  fork;  and  the  coil,  in  connection  with  the 
targets,  deposites  a  spark  beside  the  traced  scale  of  time,  to 
indicate  the  instant  the  wire  of  a  target  is  broken,  thus 
marking  the  beginning  and  end  of  each  interval  to  be  meas- 
ured. The  pendulum  serves  to  determine  the  number  of 
vibrations  made  by  the  fork  in  a  second  of  time. 

The  measurement  of  time  by  this  in- 
strument, then,  depends  on  the  equality 
of  duration  of  the  vibrations  made  by 
the  fork.  These  vibrations  are  known  to 
"°  be  isochronal  for  the  same  fork,  when 
their  amplitude  is  constant,  and  are  in  no 
way  affected  by  the  motions  of  the  other 
parts  of  the  machine. 

The  vibrations  made  by  the  fork  are 
_._t  recorded  on  the  cylinder,  in  the  form  of 
a  sinuous  line,  as  in  Fig.  323,  making 
the  scale  of  time.  The  middle  line,  c  d, 
traced  by  the  fork  when  at  rest,  is  of 
great  importance,  as  it  divides  the  sinu- 
ous line  and  gives  the  exact  points  of  the 
origin  and  end  of  each,  vibration.  Even 
when  not  in  the  middle,  no  error  can  oc- 
cur when  double  vibrations  are  counted. 

As   expressed  on  the  cylinder,  each 
FIG.  323.  of  the    double  vibrations   is   sufficiently 

large  to  admit  of  being  divided  into 
tenths  by  the  eye ;  when  greater  accuracy  is  required,  the 
micrometer  must  be  used. 

To  determine  the  value  of  the  interval  between  two 
sparks,  the  number  of  double  vibrations  are  counted.  Where 
both  sparks  fall  immediately  opposite  the  intersections  of 
the  two  lines,  the  value  will  be  summed  up  in  entire  double 
vibrations,  as  in  Fig.  323,  x  and  y  being  the  sparks. 

When  one  or  both  of  the  sparks  do  not  fall  opposite  an 
intersection,  the  value  of  the  interval  is  thus  arrived  at.  In 
Fig.  3*8  the  sparks  are  at  x  arid  y.  From  a  to  ft  are  twenty- 
three  double  vibrations.  By  the  eye  or  the  micrometer,  the 
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distances  a  x  and  b  y  are  found  to  be  .8  and  .25  of  a  double 
vibration.      Therefore   x  y  =  23  +  .8  -f-  .25  =  24.05  double 

24  05 
vibrations  =  ^rt  -nee  —  .096565  seconds  of  time. 


As  the  velocity  =  -j  —  ,  suppose  the  space  between  the 
targets  to  be  one  hundred  feet,  then  the  velocity  of  projectile 
will  be  equal  to  n/gg  =  1035.5  feet  per  second. 


jto- 


1150.  To  Use  the  Chronoscope.  —  The  cylinder  is  coated  by 
revolving  it  over  the  flame  of  an  oil-lamp  with  a  flat  wick. 
This  takes  ten  minutes,  and  twelve  or 
fifteen  rounds  may  be  fired  before  the 
coating  needs  renewal.  The  operator, 
standing  in  front  of  the  instrument,  re- 
leases the  translating-screw,  pushes  the 
cylinder  to  the  right,  clamps  it  to  the 
wheel-work,  and  throws  the  translating- 
screw  into  gear  again.  He  then  sets  the 
point  of  the  quill,  at  the  extremity  of  the 
fork,  very  lightly  against  the  face  of  the 
cylinder,  and  releases  the  brake.  While 
rotating,  the  cylinder  will  be  removed  to- 
ward the  left  by  the  translating-screw, 
and  receive  the  trace  of  the  middle  line  in 
the  form  of  a  helix.  This  done,  the  quill 
is  raised  and  the  cylinder  is  pushed  to  the 
right  as  before.  The  quill  is  again  set 
with  its  point  exactly  on  the  middle  line, 
the  translating-screw  thrown  into  gear, 
the  circuit  of  the  battery  and  the  in- 
terrupter  closed,  and  the  beam  touched 
gently  to  start  it  vibrating.  At  this  point 
the  caution  "  Ready  !  "  is  given,  the  cir- 
cuit of  the  battery  and  the  Ruhmkorff  coil 
promptly  closed,  and  the  cylinder  started 
rotating  when  the  command  "  Fire  !  "  is 
given.  As  soon  as  the  report  is  heard, 
the  machine  is  stopped  by  the  brake,  both  currents  opened 
and  interrupted,  the  quill  point  removed,  and  the  cylinder 
detached  from  the  wheel-work;  when  the  operator  counts 
tile  result,  while  the  gun  is  being  reloaded,  and  the  targets 
mended  preparatory  to  another  round. 


\ 


FIG.  324 
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1151.  THE     BASHFORTH    CHRONOGRAPH.  —  Professor 
Bashforth  of  the  Artillery  School,  Woolwich,  England,  has 
made  extensive  experiments  to  determine  the  resistance  of 
the  air  to  the  motion  of  rifle  projectiles,  with  a  chronograph 
of  his  own  invention.     Fig.  325  gives  a  general  view  of  the 
instrument. 

1152.  Description.  —  The    fly-wheel,    A,   is    capable    of 
revolving  about  a  vertical   axis,  and   carrying  with   it   the 
cylinder,  K,  which  is  covered  with  prepared  paper  for  the 
reception  of  the  clock  and  screen  records.     The  length  of 
the  cylinder  is  12  or  14  inches,  and  the  diameter  4  inches. 
B  is  a  toothed  wheel  which  gears  with  the  wheel-work,  M, 
so  as  to  allow  the  spring,  CD,  to  be  slowly  unwrapped  from 
its  drum.     The  other  end  of  CD,  being  attached  to  the  plat- 
form, S,  allows  it  to  descend  slowly  along  the  slide,  L,  about 
i  inch  for  each  revolution  of  the  cylinder.     E,  E',  are  electro- 
magnets; d,  d',  are  frames  supporting  the  keepers;  and/,/', 
are  the  ends  of  the  springs,  which  act  against  the  attraction 
of  the  electro-magnets. 

When  the  current  is  interrupted  in  one  circuit,  as  E,  the 
magnetism  of  the  electro-magnet  is  destroyed,  the  spring,/, 
carries  back  the  keeper,  which,  by  means  of  the  arm,  «,  gives 
a  blow  to  the  lever,  b.  Thus  the  marker,  m,  is  made  to 
depart  from  the  uniform  spiral  it  was  describing.  When  the 
current  is  restored,  the  keeper  is  attracted,  and  thus  the 
marker,  m,  is  brought  back,  which  continues  to  trace  its 
spiral  as  if  nothing  had  happened.  E'  is  connected  with  the 
clock,  and  its  marker,  in',  records  the  seconds.  E  is  con- 
nected with  the  screen,  and  records  the  passage  of  the  pro- 
jectile through  the  screens.  By  comparing  the  marks  made 
by  m,  m,  the  exact  velocity  of  the  projectile  can  be  calcu- 
lated at  all  points  of  its  course. 

The  slide,  L,  is  fixed  parallel  to  F,  and  the  cylinder,  K, 
by  the  .brackets,  G,  H.  Y  is  a  screw  for  drawing  back  the 
wheel-work,  M ;  and  J,  a  stop  to  regulate  the  distance  be- 
tween M  and  B.  The  depression  of  the  lever,  7i,  raises  the 
two  springs,  s,  which  act  as  levers,  and  bring  the  diamond 
points,  m,  in',  down  upon  the  paper. 

When  an  experiment  is  to  be  made,  care  is  taken  to  see 
that  the  two  currents  are  complete.  The  fly-wheel,  A,  is  set 
in  motion  by  hand,  so  as  to  make  about  three  revolutions  in 
two  seconds.  The  markers,  m,  in',  are  brought  down  upon 
the  paper,  and  after  four  or  five  beats  of  the  clock,  the  sig- 
nal to  fire  is  given,  so  that  in  about  ten  seconds  the  experi- 
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ment  is  completed,  and  the  instrument  is  ready  for  another. 
The  pendulum  of  a  half-seconds   clock   strikes   once,  each 


FIG.  325. 


double-bea,t,  a  very  light  spring,  and  so  interrupts  the 
vanic  current  in  E'  once  a  second. 
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FIG.  326. 


1153.  The    Targets.  — Fig.  326  gives  the  details   of  the 
screen.     It  represents  a  piece  of  board  1  inch  thick,  and  6  or 
7  inches  wide,  and  rather  larger  than  the  width  of  the  screen 
to  be  formed.     Transverse  grooves  are  cut  at  equal  distances, 
something  less  than  the  diameter  of  the  projectile.     Staples 
of  hard  brass  spring-wire  are  fixed  with  their  prongs  in  the 

continuation  of  the  grooves. 
Pieces  of  sheet-copper,  a,  c,  0, 
are  provided,  having  two  el- 
liptical holes,  the  distance  of 
whose  centres  equals  the  dis- 
tance of  the  grooves.  The 
pieces  of  copper  are  used 
to  connect  each  wire  staple, 
5,  c?,/,  with  its  neighbor  on 
each  side.  These  copper 
connections  hold  down  the 
wire  springs,  which,  when 

free,  are  in  contact  with  the  tops  of  the  holes ;  but,  when 
properly  weighted,  they  rest  on  the  lower  edges  of  the  holes. 
Thus  the  copper,  <?,  forms  a  connection  between  the  staples, 
b  and  d ;  the  copper,  e,  joins  d  and/,  and  so  on. 

A  galvanic  stream  will  therefore  take  the  following  course, 
whether  the  springs  be  weighted  or  unweighted :  copper  a, 
brass  b;  copper  <?,  brass  d;  copper  £,  brass  /,  etc.  The 
current  will  only  be  interrupted  when  one  or  more  threads 
have  been  cut,  and  the  corresponding  spring  is  flying  from 
the  bottom  to  the  top  of  its  hole.  About  one-fiftieth  of  a 
second  is  required  for  the  complete  registration  of  such  an 
interruption,  the  spring  traversing  about  half  an  inch. 

The  shelf,  A  (Fig.  326),  is  placed  for  the  weights  to  rest 
against,  partly  to  prevent  them  from  being  carried  forward 
by  the  projectile,  but  chiefly  to  prevent  the  untwisting  of  the 
threads  which  support  the  weights.  The  weights  used  are 
about  2  Ibs.  each,  and  the  strength  of  sewing-cotton  for  sup- 
porting them  is  equal  to  a  stress  of  about  3  Ibs.,  which  is 
sufficient  to  withstand  a  tolerably  strong  wind.  As  the 
weights  are  equal,  the  threads  are  kept  equity  stretched. 

1154.  Arrangement  of  screens  for  an  exp\|iment  is  shown 
in  Fig.  327.    The  wires  for  conveying  the  galvanic  current  are 
like  the  common  telegraph-wires  carried  on  ppsts.     abed efg h 
is  a  continuous  piece  of  wire,  and  the  current  is   made  to 
circulate   through  the   screens.     The   ends,    a,   A,   are   con- 
nected with   the   instrument   and  battery.     The   projectile, 
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being  fired  through  the  screens,  in  passing  cuts  one  or  more 
threads  at  each  screen,  so  that,  corresponding  to  the  instant 
at  which  the  projectile  passes  each  screen,  there  is  an  inter- 
ruption of  the  galvanic 
current,  and  a  simul- 
taneous record  on  the 


1155.  THE  NOBLE 
CHRONOSCOPE.  —  The 
principle  of  action  of 
this  instrument  consists 

in  registering,  by  means  of  electric  currents,  upon  a  record- 
ing surface,  travelling  at  a  uniform  and  very  high  speed,  the 
precise  instant  at  which  a  projectile  passes  certain  defined 
points  in  the  bore.  (Fig.  328.) 

It  consists  of  two  portions :  first,  the  mechanical  arrange- 
ment for  obtaining  the  necessary  speed,  and  keeping  that 
speed  uniform  ;  secondly,  the  electrical  recording  arrangement. 
The  first  part  of  the  instrument  consists  of  a  series  of  thin 
metal  disks,  A,  A,  each  36  inches  in  circumference,  fixed 


8  7          6    B     4 

FIG.  328.  —  Chronoscope. 


at  intervals  upon  a  horizontal  shaft,  SS,  which  is  driven  at 
a  high  speed  by  a  heavy  descending  weight,  B,  through  a 
train  of  gearing,  multiplying  625  times.  The  driving-weight 
is,  during  the  experiment,  continually  moved  up  by  means  of 
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the  handle,  H.  If  the  requisite  speed  of  rotation  were  got 
up  by  the  action  of  the  falling-weight  alone,  a  considerable 
waste  of  time  would  ensue.  To  obviate  this  inconvenience, 
the  required  velocity  can  be  obtained  with  great  rapidity  by 
means  of  the  handle,  C. 

The  precise  rate  of  the  disks  is  obtained  by  means  of 
the  stop-clock,  D,  which  can  at  pleasure  be  connected  or  dis- 
connected with  the  revolving  shaft,  E;  and  the  time  of 
making  any  number  of  revolutions  of  this  shaft  can  be 
recorded  with  accuracy  to  the  one-tenth  part  of  a  second. 
The  speed  usually  attained  in  working  this  instrument  is 
about  1,000  inches  per  second,  linear  velocity,  at  the  circum- 
ference of  the  revolving  disks,  so  that  each  inch  travelled  at 
that  speed  represents  the  one-thousandth  part  of  a  second ; 
and,  as  the  inch  is  subdivided  by  the  vernier,  V,  into  a  thou- 
sand parts,  a  linear  representation  at  the  circumference  is 
thus  obtained  of  intervals  of  time  as  minute  as  the  one-mil- 
lionth part  of  a  second. 

As  a  small  variation  in  speed  would  affect  the  relation 
between  the  several  records  obtained,  the  uniformity  of  rota- 
tion is  ascertained  on  each  occasion  of  experiment  by  three 
observations:  one  immediately  before,  one  during,  and  one 
immediately  after  the  experiment,  the  mean  of  the  three 
observations  being  taken  for  the  average  speed.  With  a 
little  practice  there  is  no  difficulty  in  arranging  the  instru- 
ment so  that  the  disks  may  rotate  either  uniformly  or  at  a 
rate  very  slowly  increasing  or  decreasing. 

The  arrangements  for  obtaining  the  electrical  records  are 
as  follows :  the  revolving  disks  are  covered  on  the  edge  with 
a  strip  of  white  paper,  and  are  connected  with  one  of  the 
secondary  wires,  G,  of  an  induction-coil.  The  other  second- 
ary wire,  H,  carefully  insulated,  is  brought  to  a  discharger, 
I,  opposite  the  edge  of  its  corresponding  disk,  and  is  fixed  so 
as  to  be  just  clear  of  the  latter.  When  a  spark  passes  from 
the  discharger  to  the  disk,  a  minute  hole  is  perforated  in  the 
paper  covering  upon  that  part  of  the  disk  which  was  opposite 
the  discharger  at  the  instant  of  the  passage  of  the  spark; 
but,  as  the  situation  of  this  hole  in  the  paper  would  be  very 
difficult  to  find,  on  account  of  its  extreme  minuteness,  the 
paper  is  previously  coated  with  lamp-black,  and  the  position 
of  the  hole  is  thus  readily  seen ;  a  distinct  white  spot  is  left 
on  the  blackened. paper,  the  lamp-black  at  that  point  having 
been  burnt  away  by  the  spark,  so  that  the  white  paper  is 
shown  beneath.  By  means  of  the  micrometer  the  distance 
between  the  sparks  on  the  disks  is  read  off. 
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In  order  to  connect  the  primary  wires  of  the  induction- 
coils  with  the  bore  of  the  gun,  so  that  they  may  be  cut  by 
the  projectile  in  its  passage,  the  gun  is  tapped  in  a  number 
of  places  for  the  reception  of  hollow  steel  plugs  carrying  at 
the  end  next  the  bore  a  cutter  which  projects  slightly  into 
the  bore.  This  cutter  is  held  in  position  by  the  primary 
wire,  which  is  carefully  insulated  and  passed  down  the  plug, 
through  the  cutter,  and  back  out  of  the  plug,  the  ends  being- 
connected  to  the  main  wires  leading  to  the  induction-coils. 
When  the  projectile  reaches  the  point  where  the  plug  is 
screwed  in,  it  presses  the  cutter  in  flush  with  the  bore,  and, 
by  so  doing,  cuts  the  primary  circuit.  As  each  plug  is 
reached  a  spark  is  delivered,  arid  thus  the  passage  of  the 
projectile  along  the  bore  is  recorded  at  regular  intervals. 

Some  idea  may  be  conveyed  of  the  minute  intervals  of 
time  which  can  be  measured  by  this  means,  from  the  fact 
that  the  distances  between  the  parts  of  a  X-inch  gun  at 
which  the  time-records  have  been  obtained  are  in  some 
instances  only  2.4  inches,  while  the  total  time  the  projectile 
takes  to  reach  the  muzzle  of  the  gun  —  a  distance  of  100 
inches  —  when  fired  with  a  full  charge,  is  about  the  one- 
hundredth  part  of  a  second. 

By  this  means  the  time  may  be  recorded  which  the  pro- 
jectile occupies,  from  the  commencement  of  motion,  in  reach- 
ing different  parts  of  the  bore,  and  from  these  time-records 
may  be  deduced  the  velocity  with  which  the  projectile  is 
passing  through  the  different  parts  of  the  bore,  and 'the  press- 
ures in  the  gun  which  correspond  to  these  velocities. 

1158.  THE  ELECTRIC  CLEPSYDRA.*  —  Generally,  with 
chronometric  instruments,  the  time  is  deduced  from  the  space 
passed  over  during  the  interval  to  be  measured,  by  a  body 
which  moves  according  to  a  determined  law.  This  moving 
body,  which  we  call  "chronometer,"  is  the  important  part  of 
the  apparatus ;  the  other  fittings  are  but  accessories  serving 
to  put  the  chronometer  in  operation  ;  that  is  to  say,  to  render 
it  capable  of  marking  the  commencement  and  the  end  of  the 
time  to  be  measured. 

The  choice  of  chronometer,  then,  is  of  first  importance. 
A  weight  falling  freely  constitutes,  incontestably,  the  most 
simple  and  most  exact  chronometer ;  regulated  by  an  immu- 
table law  of  nature,  its  motion  is  accomplished  without  the 

*  Naval  Ordnance  Papers,  No.  4.  Translated  by  Lieutenant-Commander 
J.  D.  Marvin,  U.  S.  Navy. 


568          NAVAL  ORDNANCE  AND  GUNNERY. 

aid  of  any  intermediary  force ;  neither  use  nor  time  can  alter 
its  rate  ;  it  is  absolutely  invariable. 

Unfortunately,  this  chronometer  is  only  applicable  to  the 
measure  of  times  relatively  short,  for  the  extent  of  fall 
increases  with  the  time  in  very  rapid  proportions. 

One  can,  it  is  true,  transform  the  vertical  fall  into  a 
movement  of  rotation,  whether  continuous,  such  as  that  of 
revolving  cylinders,  or  alternate,  such  as  that  of  pendulums ; 
but  in  both  cases  the  great  advantage  of  a  constant  chrono- 
metric  movement  is  lost ;  account  must  then  be  taken  of 
friction,  and  this  may  be  varied  by  causes  which  escape  the 
observation,  and  certainty  and  reliability  in  the  result  no 
longer  exist.  In  order  to  avoid  this  inherent  inconvenience 
in  the  employment  of  such  a  mechanical  instrument,  we  may 
employ  as  a  chronometer  the  flow  of  a  liquid,  and  determine 
the  time  by  means  of  the  weight  run  out  during  the  interval 
to  be  measured.  For  this  purpose  mercury  presents  itself 
naturally  to  the  mind ;  this  metal,  very  fluid  and  homogene- 
ous, has  great  specific  weight ,  its  evaporation  is  insensible, 
and,  not  moistening  the  enclosing  surfaces,  its  use  is  extremely 
clean  and  convenient. 

This  has  been  done  by  Major  La  Boulenge'  of  the  Belgian 
Artillery,  in  an  instrument  to  which  he  has  given  the  name 
of  Electric  Clepsydra. 

1157.  Description  of  the  Instrument.  —  It  is  composed 
(Fig.  329)  of  a  circular  reservoir,  A,  of  Om.20  diameter 
by  Om.03  high,  containing  mercury,  and  supported  by  a 
hollow  central  column,  B,  of  Om.20  height,  terminating  in  a 
tripod  fitted  with  levelling  screws,  X.  This  vessel,  of  cast- 
iron,  rests  on  a  circular  plate,  C,  of  the  same  metal,  which  is 
fitted  with  a  rim  to  catch  the  mercury  which  may  through 
inadvertence  flow  out  of  the  receiver,  D.  A  disk  of  cast- 
iron,  E,  covers  the  reservoir  and  bears  the  electrical  fittings 
of  the  apparatus.  The  hollow  column,  which  makes  a  part 
of  the  receiver,  terminates  at  the  lower  end  in  a  fine  orifice, 
above  which  is  fitted  a  conical  valve,  which  prevents  the 
mercury  from  running  out.  The  face  of  the  orifice,  the 
body  of  the  valve,  R,  and  its  seat,  F,  are  of  steel. 

A  rigid  stem,  G,  connected  by  a  swivel-joint  to  the  body 
of  the  valve,  rises,  folknving  the  axis  of  the  receiver,  trav- 
erses a  central  opening  in  the  upper  disk,  and  then  con- 
nects above  this  latter  to  a  horizontal  lever,  H,  which  is 
called  the  valve-lever.  If  the  arm  of  this  lever  opposite  to 
the  connection  of  the  stem  be  pressed  down,  the  valve  is 
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FIG.  329.  —  Electric  Clepsydra. 
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opened  and  flow  is  produced.  If  the  effort  be  discontinued, 
the  valve  falls  back  upon  its  seat,  and  the  flow  is  arrested 
instantaneously. 

The  opening  and  closing  of  the  valve  are  performed  by 
the  action  of  two  levers,  I  and  J,  which  fall  successively,  and 
of  which  the  heavier  extremities,  fitted  with  armatures  of 
soft  iron,  K  and  L,  are  held  in  the  state  of  "  ready  "  (shown 
in  the  figure)  by  electro-magnets,  M  and  N.  The  lever  for 
closing  is  formed  of  two  parallel  arms,  united  at  one  end  by 
the  armature,  at  the  other  by  a  cross-piece  used  to  raise  the 
lever,  K ;  this  disposition  permits  it  to  move  without  touch- 
ing the  valve-lever. 

If  the  current  which  actuates  the  electro-magnet,  M,  be 
broken,  the  opening  lever  falls  upon  the  end  of  the  valve- 
lever,  opens  the  valve  permanently,  and  the  mercury  flows 
into  the  receiver,  D,  placed  immediately  under  the  orifice. 
We  call  the  lever  K,  opening-lever ;  its  magnet  current  and 
circuit  will  be  called  by  the  name  of  electro-magnet  current 
and  circuit  of  opening,  to  distinguish  them  from  similar 
fittings  which  operate  the  closing.  If  the  second  current 
be  broken,  the  closing-lever  falls  in  turn,  raises  the  opening- 
lever  to  its  original  position ;  then  the  lever  of  the  valve 
being  freed,  this  latter  falls  back  into  its  seat,  and  the  flow  is 
arrested. 

A  catch,  T,  prevents  vibration  of  the  closing-lever  after 
its  fall.  This  simple  combination  of  three  levers  fulfils  per- 
fectly the  mechanical  conditions  imposed,  for  the  valve  opens 
suddenly  by  a  shock,  while  it  closes  freely  by  its  own  action. 

In  actual  practice  the  two  currents  are  broken  succes- 
sively by  the  projectile ;  a  weight,  P',  of  mercury  flows  into 
the  receiver,  and  it  is  required  to  deduce  from  it  the  period 
which  has  separated  the  two  ruptures. 

Let  us  suppose  for  a  moment  that  the  apparatus  furnishes 
a  constant  flow,  and  let  P  be  the  flow  of  the  orifice,  that  is, 
the  weight  of  mercury  which  flows  per  second ;  by  dividing 
P'  by  P,  the  time  is  obtained  which  has  elapsed  between  the 

instant  of  opening  and  that  of  closing  the  valve. 

p 
The  relation  -^,  will  also  give  the  time  which  has  elapsed 

between  the  rupture  of  two  currents,  if  the  valve  has  opened 
and  closed  at  the  precise  instant  of  the  rupture  of  the  corre- 
sponding current.  But  this  is  not  the  case  ;  when  the  first 
current  is  broken,  a  certain  time  is  necessary  in  order  that 
the  magnet  may  arrive  at  such  a  state  of  demagnetization  as 
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to  release  the  armature,  then  a  certain  time  for  the  fall  of  the 
lever,  and  finally  an  additional  time  for  the  complete  raising 
of  the  valve.  Analogous  periods  transpire  between  the  rup- 
ture of  the  closing  current  and  the  arrest  of  the  flow.  The 
determination  of  these  short  periods  is  obviated  by  applying 
to  the  instrument  the  method  of  simultaneous  disjunction, 
the  important  feature  of  which  has  been  devised  by  Major 
Navez.  To  this  end  the  fall  of  the  levers  is  regulated  in 
in  such  a  way  that  the  opening-lever  occupies  less  time  than 
the  other,  from  the  commencement  of  its  fall  to  its  action  on 
the  valve.  Thus,  when  by  means  of  a  disjunctor  both  cur- 
rents are  cut  at  the  same  time,  the  first  lever  opens  the  valve 
a  certain  time  before  the  second  closes  it ;  the  weight,  P,  of 
mercury  run  out  in  this  way,  is  the  precise  quantity  to  be 
deducted  from  P',  in  order  to  obtain  from  the  expression 

P'  —  p 

p     ,  the  time  which  has  elapsed  between  the  rupture  of 

the  two  currents. 

This  method  of  procedure  takes  into  account  /both  the 
time  lost  in  the  working  of  the  mechanism  and  that  of  de- 
magnetization, which  varies  with  the  respective  force  of  the 
two  currents. 

The  disjunctor  is  the  same  as  that  which  has  been  adopted 
for  Le  Boulenge's  chronograph.  It  is  composed  (Fig.  830) 
of  a  bent  spring,  £,  the  free  end  of  which  is  caught  by  a 
catch,  #,  when  it  is  pressed  down  by  bearing  on  the  button,  z. 
In  this  position  it  permits  two  thin  plates  of  steel,  q  and  qf, 
to  bear  upon  the  conducting-piris,  r  and  /,  and  closes  by  this 
contact  the  two  circuits.  If  the  catch  be  released,  the  spring- 
rises  suddenly ;  its  cross-piece,  w,  covered  with  an  insulating- 
plate  of  ivory,  raises  the  two  plates,  q  and  q,  and  breaks  the 
currents.  The  two  pins,  r  and  /,  are  fitted  with  a  screw- 
thread,  and  thus  provide  for  the  adjustment  of  the  height  of 
the  two  plates,  so  that  they  may  be  raised  at  the  same  time 
by  the  spring.  The  head  of  the  screw,  p,  limits  the  play  of 
the  spring ;  the  bottom  surface  of  the  disjunctor  is  covered 
with  a  sheet  of  India-rubber,  for  the  purpose  of  deadening 
the  vibrations,  which  permits  it  to  be  set  up  on  the  same 
table  as  the  instrument. 

Experience  has  proved  that  this  disjunctor  is  without 
fault ;  once  regulated,  it  is  not  liable  to  be  deranged ;  its 
regularity  is  perfect,  for  with  the  chronograph  it  gives 
identical  disjunctions,  and  as  to  its  exactitude  it  can  be 
verified  whenever  desired,  by  establishing  that  inversion 
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of  the  currents  does  not  produce  any  change  in  the  dis- 
junction. 

1158.  Basis  of  the   Calculation  of  the  Times. — We   will 
now  explain  how  the  time  is  deduced  from  the  weight  of 
mercury  run  out. 

We  have  supposed  the  flow  constant ;  but  it  is  not  so  in 
reality,  for  in  proportion  as  the  liquid  runs  out  the  height  of 
the  level  diminishes,  and  with  it  the  discharge.  In  order  that 
the  flow  may  always  commence  under  the  same  conditions, 
before  each  trial  the  mercury  is  brought  to  a  fixed  level, 
which  is  done  by  a  very  simple  operation.  For  this  purpose, 
the  instrument  being  levelled  by  means  of  an  air-bubble 
level,  which  is  laid  in  two  directions  at  right  angles  to  each 
other  on  the  upper  disk,  a  fresh  quantity  of  mercury  is 
added  to  that  in  the  receiver ;  then  an  overflow  is  opened 
(called  level-escape')  formed  by  a  simple  screw,  o.  The  orifice 
being  opened,  the  excess  runs  out  into  a  little  bucket,  s,  hung 
under  the  level-escape. 

The  level  thus  obtained,  which  we  will  call  the  original 
level,  is  always  of  the  same  height ;  for  the  determining  ex- 
periments show  that  in  the  first  unit  of  time  the  same  volume 
always  runs  out.  But  the  weight  of  this  volume  will  vary 
with  the  temperature ;  consequently,  to  reduce  all  experi- 
ments to  the  same  terms,  each  weighing  must  be  brought  to 
a  uniform  temperature.  They  are  reduced  to  0°  by  the 
formula  P0  =  P  (1  -{-  a  £),  a  being  the  coefficient  of  the  ex- 
pansion of  mercury,  0'".00018,  and  t  the  temperature  of  the 
receiver.  This  temperature  is  indicated  by  a  thermometer, 
which  forms  a  part  of  the  apparatus,  the  bulb  of  which  is 
immersed  in  the  mercury-reservoir  by  passing  it  through  an 
opening,  U,  in  the  upper  disk. 

The  rapidity  of  flow  will  vary  at  each  instant  by  reason 
of  the  lowering  of  the  level ;  but  on  account  of  the  great  sur- 
face of  the  receiver  as  compared  with  that  of  the  orifice,  this 
lowering  during  the  interval  of  a  second  is  very  small  (about 
one-tenth  of  a  millimetre),  and  the  time  may  be  calculated 
without  errors  in  the  results  by  supposing  — 

1.  That  the  flow  is  constant  during  the  interval  of  one 
second. 

2.  That   in   passing   from   one    second   to   another,   the 
amount  of  flow  decreases  by  a  constant  quantity. 

1159.  We  will  support  this  method  of  calculation  by  an 
example,  the  data  for  which   are   given  by  the  instrument 
itself. 
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Let  H  be  the  height  of  the  original  level  above  the 
orifice,  and  P  the  weight  run  out  during  the  first  second. 
At  the  end  of  this  time  the  level  will  have  been  lowered  by 
a  quantity,  A,  which  will  be  the  altitude  of  a  cylinder  having 
for  a  base  the  surface  of  the  upper  reservoir,  and  for  volume 
p 
— ,  8  being  the  density  of  mercury,  13.598. 

p 

We  shall  have  then  h  =     ^  ,  R  being  the  radius  of  the 


reservoir. 


IISJUNCTOR. 


FIG.  330. 


At  the  beginning  of  the  second  second  the  height  of  the 
level  will  be  H' —  H—  h. 
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Let  us  call  A  the  surface  of  the  orifice,  and  m  the  co- 
efficient of  the  contraction  of  the  stream,  we  will  have,  by 
the  laws  of  hydraulics  — 

P  =  mA 


Since  from  second  to  second  the  level  falls  only  by  an 
almost  inappreciable  fraction,  the  coefficient,  m,  will  not 
change,  and  we  shall  have  also  the  weight  run  out  during  the 
second  second, 

P'  =  mA 
Consequently 

\~W' 
pr  —  P     ±L 


is  the  formula  which  enables  us  to  calculate  the  weight  of 
the  second  second  ;  that  of  the  first,  the  height  of  the  origi- 
nal level,  and  the  radius  of  the  reservoir  being  known. 

Having  calculated  P',  we  may  deduce  from  it  in  the  same 
way  P",  P'",  etc.,  the  weights  run  out  during  the  third,  fourth, 
and  following  seconds. 

The  data  given  by  the  instrument  are  H=  Om.20,  R  = 
Om.10,  and  P  —  6200  centigrammes.* 

1160.  Applying  these  values  to  the  preceding  calculation, 
we  have  the  following  results  : 


SECONDS. 

Height  of  Level. 

Discharge. 

1st  Dif. 

2d  Dif. 

First  

Millimetres. 

0.200000000000 

Centigrammes. 

6200.000000 

Centgr. 

Centgr. 

Sscond  

0.199854862517 

6197.749958 

2.250042 

0.000011 

Third  

0.199709777705 

6195.499927 

2.250032 

0.000011 

Fourth  

0.199564745545 

6193.249907 

.2o0020 

0.000012 

Fifth  

0.199419766096 

6190.999899 

2.250008 

0.000013 

Sixth  

0.199274839298 

6188.749904 

2.249995 

0.000013 

Seventh  

0.199129965171 

6186.499922 

.  24998  J 

The  figures  of  this  table  prove  that  it  is  permissible  to 
consider  the  difference  of  weights  run  out  from  one  second 
to  another  as  absolutely  constant. 

*  In  the  use  of  the  instrument  the  centigramme  is  adopted  as  the  unit  of 
weight. 
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The  column  of  second  differences  shows,  in  effect,  that 
they  are  so,  to  nearly  the  ten-millionth  of  a  gramme,  or  in 
time  62iroo"oF<ro'  or  0".000000002,  a  quantity  ten  thousand 
times  smaller  than  the  fraction  of  time  which  we  can  hope  to 
measure  in  practice. 

In  the  second  place,  the  difference  between  the  weights 
run  out  in  two  consecutive  seconds  being  but  2C.25,  which 
represents  in  time  0".0003,  no  appreciable  error  is  committed 
in  calculating  the  time  as  though  the  flow  were  constant 
during  the  interval  of  one  second. 

In  order  to  compute  the  table  of  times  of  the  clepsydra 
according  to  the  principles  indicated,  it  will  be  seen  that  we 
must  know  the  height  of  the  original  level.  Owing  to  the 
convex  curve  formed  by  the  mercury,  it  is  very  difficult  to 
measure  this  height  exactly;  but  fortunately,  this  exact  meas- 
ure is  unnecessary,  as  will  be  shown.  The  weight  of  the 
first  second  being  6,200c.OO,  we  have,  by  supposing  ff= 
Om.20jO,  found  for  the  second,  6,197C.75.  Suppose  that  in  the 
measurement  of  H  a  mistake  of  a  millimetre  is  made,  and 
that  in  reality  H '=  Om.201,  the  weight  of  the  second  second, 
calculated  with  this  new  value,  would  be  6,197.76. 

For  H=  0'".202  it  would  be 6197.77 

For  H=  0.203  it  would  be 6197.78 

For  H—  0.204  it  would  be 6197.79 

That  is  to  say,  an  error  of  a  millimetre  in  the  measure- 
ment of  H  brings  into  the  calculation  of  the  second  second 
only  an  error  of  0".000002,  a  quantity  which  can  clearly  be 
neglected  in  practice. 

1161.  Experimental  Determination  of  the  Table  of  Times, 
—  In  order  to  determine  experimentally  the  weight  of  mer- 
cury which  runs  out  in  the  first  second,  the  two  currents  of 
the  apparatus  must  be  broken  at  intervals,  separated  by 
exactly  one  second.  A  first  method  would  consist  in  pass- 
ing the  current  through  a  plate  rheotome,  which  we  will 
describe  farther  on,  and  by  bearing  on  the  plates  in  follow- 
ing the  beats  of  a  seconds  pendulum.  From  the  weight 
obtained  we  would  subtract  the  weight  of  disjunction,  and 
thus  have  the  weight  of  the  first  second.  But  by  this 
method  even  a  very  experienced  operator  could  never  obtain 
in  his  observations  the  precision  of  which  the  instrument  is 
susceptible  ;  for  this  reason,  a  more  exact  method  has  been 
sought  out,  which  consists  in  causing  the  currents  to  be 
broken  by  the  pendulum  itself,  which  divests  the  process  of 
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all  personal  skill.  A  system  of  two  small  metallic  circuit- 
closers,  a  b  c  and  d  ef  (Fig.  332),  is  fastened  to  the  lower 
part  of  the  case  of  a  seconds-beating  regulator,  and  in  the 
vertical  plane  of  the  pendulum.  Each  of  these  closers  is 
movable  around  an  axis,  b  and  e,  perpendicular  to  the  plane 
of  oscillation.  The  pendulum  terminates  in  a  cutter,  O, 
which,  meeting  in  its  course  the  points  of  the  closers,  causes 
them  to  fall  alternately  to  the  right  and  to  the  left  of  their 
respective  vertical  positions.  Let  t  8  be  the  opening  circuit, 
and  let  a  point,  r,  of  this  circuit  be  united  by  a  conductor  to 
the  connection  &,  and  a  point,  q,  to  the  connection  I. 

The  base,  p  p,  which  supports  the  whole  system,  is  insu- 
lated, but  the  connection  k  communicates  through  metal 
with  the  axis  6,  and  the  connection  I  with  the  screw  g  ;  con- 
sequently, when  the  pendulum  is  at  m  m,  that  is  to  say,  at 
the  end  of  its  beat  to  the  left,  the  closer  a  b  c  being  in  con- 
tact with  the  screw  <?,  the  diverted  circuit,  r  k  I  q,  is  com- 
plete. If  in  this  state  of  things  the  circuit  be  cut  in  the 
part  q  r,  the  opening  current  will  not  be  destroyed ;  it  will 
pass  entirely  by  the  diversion  r  k  I  q,  but  the  pendulum  con- 
tinuing its  course  will  destroy  the  continuity  of  the  diver- 
sion, and  consequently  the  opening  current,  at  the  instant 
when,  arrived  at  z  z,  it  touches  the  arm  c.  It  must  be  re- 
marked that  so  long  as  the  circuit  between  q  and  r  is  not 
interrupted,  the  movement  of  the  pendulum  cannot  break 
the  current.  Let  an  analogous  diversion,  x  ij  v,  be  established 
by  means  of  the  closer  d  ef,  in  the  closing  circuit  u  y.  The 
pendulum,  having  arrived  at  m'  mf,  will  have  met  the  arm  /, 
pressed  down  the  closer  d  e  f  upon  its  screw  of  contact,  A, 
'and  closed  the  diversion  of  the  closing  current.  If  at  this 
instant  a  rupture  be  made  between  v  and  #,  the  closing  cir- 
cuit will  not  be  broken ;  but  this  rupture  will  take  place 
when  the  pendulum,  arriving  at  z'  z',  touches  the  arm  d. 

It  is  apparent,  then,  that  the  operator  can  break  the  open- 
ing current  by  means  of  the  pendulum,  when  it,  in  passing 
to  the  left,  arrives  on  the  line  z  z,  and  in  the  same  way  he 
can  break  the  closing  current  at  the  moment  when  the  pen- 
dulum, coming  to  the  right,  arrives  on  the  line  z1  z'.  To 
accomplish  the  breaking  of  the  circuits  q  r  and  v  x,  a  rheo- 
tome  (Fig.  331)  is  used  having  two  plates,  A  and  B,  which 
close  the  circuits  by  their  contact  with  C  and  D.  These 
contacts  established,  the  opening  current  passes  at  the  same 
time  through  the  general  circuit  t  q  A  r  «,  and  through  the 
diversion  q  I  k  r,  which  includes  the  contact  of  the  closer. 
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If  the  finger  be  pressed  on  the  extremity,  E,  of  the  plate  A, 
the  general  circuit  is  interrupted  between  q  and  r,  and  the 
closing  current  passes  as  a  whole  through  the  diversion. 
The  same  effect  is  produced  in  the  closing  circuit  by  means 
of  the  plate  B.  The  circuits  being  established  in  the  man- 
ner which  has  just  been  explained,  and  the  clepsydra  being 
in  readiness  (that  is  to  say,  the  mercury  at  the  level-mark 


FIG.  331. 

and  the  two  levers  raised),  the  operator  follows  with  the  eye 
the  movement  of  the  pendulum.  When  he  has  taken  up  the 
cadence  accurately,  he  places  the  forefinger  on  E  when 
the  pendulum  is  nearly  in  the  position  mm;  then  the  pen- 
dulum, arriving  at  z  z,  breaks  the  opening  current,  and  the 
running  out  commences.  Toward  the  end  m'  mf  of  the 
same  oscillation,  the  operator  presses  down  the  second  plate, 
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B,  and  the  pendulum,  repassing  to  z'  2',  breaks  the  closing 
current,  and  the  flow  is  arrested.  Let  us  call  a.  the  weight 
of  mercury  obtained  by  this  operation,  and  $  that  which 
would  have  been  obtained  if  the  two  currents  had  been 
broken  at  exactly  the  same  instant;  then  a  —  £>'  will  be  the 
weight  run  out  while  the  pendulum  is  .passing  over  the  angu- 
lar space  z'  mf  -f-  m'  z'.  This  space  will  correspond  exactly 


to  one  second,  if  the  two  oblique  lines  z  z  and  z'  z'  are  equi- 
distant from  the  vertical ;  but  this  condition  is  realized  with 
difficulty  in  practice,  and  if  we  were  to  bind  ourselves  to  its 
acceptance,  the  process  would  be  subject  to  serious  errors ; 
therefore  we  have  made  the  process  independent  of  it  by 
proceeding  in  the  following  way  : 
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After  having  obtained  the  weight  a,  as  has  just  been 
explained,  the  mercury  is  again  raised  to  the  level-mark,  and 
the  instrument  put  in  readiness;  then  the  operation  is 
recommenced,  but  a  longer  time  is  measured.  After  having 
broken  the  first  current,  the  second  is  not  ruptured  at  the 
end  of  the  oscillation  ;  on  the  contrary,  the  pendulum  is 
allowed  to  return,  and  it  is  not  until  its  arrival  for  the  sec- 
ond time  at  mf  m'  that  the  second  plate,  B,  is  pressed  down. 
Let  7  be  the  weight  obtained  in  this  second  operation  57  —  f> 
will  be  the  weight  which  runs  out  while  the  pendulum  is 
passing  over  z  m'  -j-  mf  z'  -\-  z'  m  -\-  m  m'  -f-  m  z.'  If  from  the 
time  (7  —  ft)  we  subtract  the  time  (a  —  £>')  which  is  required 
by  the  pendulum  to  pass  over  z  m'  -\-  m'  z',  there  will  remain 
7  —  cc,  which  will  be  the  time  employed  by  the  pendulum  to 
pass  over  the  space  (z  m'  -f-  mr  z'  -\-  z'  m  -f-  m  in'  -}-  m'  2')  — 
(z  m'  -\-  m'  z')  or  z'  m  -\-  m  mf  -\-  mf  z'  =  2  m  in',  that  is  to 

7  —  a 
say,  two  complete  oscillations,  and  —  g—  will  be  the  weight 

Zi 

run  out  in  one  second. 

By  this  method  we  obviate  the  determination  of  the 
weight  ft  corresponding  to  a  simultaneous  disjunction.  The 
electrical  conditions  not  varying  from  one  trial  to  another, 
this  weight  will  remain  the  same,  and  since  it  is  included  in 
each  of  the  above  partial  operations,  it  is  eliminated  by  the 
subtraction. 

^/   _™   /y 

Knowing  the  weight,  —  ~  —  ,  of  one  second,  we  can  calcu- 

late the  weight  of  the  following  by  the  process  which  has 
been  explained,  and  we  will  discover  in  consequence  the 
constant  difference  «,  from  one  second  to  another.  These 
two  quantities  suffice  for  calculating  the  weights  Pj,  P2,  P3, 
P4>  PB,  corresponding  to  the  1st,  2d,  3d,  4th,  wth  second.  Let  it 
be  remarked,  first,  that  the  system  of  closers  being  established 
as  far  as  possible  in  the  vertical  plane  of  the  pendulum,  the 
weight  7  —  ft  wiU  be  very  nearly  that  which  runs  out  during 
the  first  three  seconds. 

a  —  13  will  in  the  same  way  be  the  weight  of  the  first 
second  ;  consequently  the  weight  7  —  a  will  be  that  which 
Hows  during  the  second  and  third  seconds. 

We  will  have  then 


and 

P2  —  P3  —  cu, 
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whence 

—  O  —  «)  +  « 
—  -- 


__  (y  —  «)  —  a) 
*>=         -g- 

The  first  second  will  be  P2  -(-  <o,  the  fourth  _P3  —  -  «,  and 
the  nth  P(W_D  —  w. 

Before  giving  the  results  furnished  by  this  process,  a 
remark  in  relation  to  its  use  remains  to  be  made.  The  con- 
tact between  the  closer  and  the  bearing-screw  not  being  very 
close,  this  point  presents  a  great  resistance  to  the  passage  of 
the  current  ;  and  it  often  happens  that  when  the  direct  cir- 
cuit is  cut  by  the  rheotome,  the  current  does  not  retain  suffi- 
cient force  to  hold  the  armature  of  the  magnet.  It  is  for 
this  reason  that  one  should,  in  this  experiment,  give  to  the 
magnets  a  great  force  of  attraction,  in  order  that  they  may 
preserve  a  sufficiency  when  the  current  passes  through  the 
diversion  alone. 

1162.  Use  of  the  Instrument  in  '  Experimental  Firing.  — 
The  clepsydra  is  set  up  in  a  place  in  close  proximity  to  the 
firing-ground,  and  on  the  same  table  are  placed  the  disjunc- 
tor,  B,  and  the  balance,  C  (Fig.  333).  The  batteries  are  on 
the  floor,  or  elsewhere  near  by.  They  are  formed  of  Bun- 
sen's  elements,  arranged  in  the  ordinary  way,  that  is,  with 
nitric  acid  in  the  porous  cup,  and  a  mixture  of  sulphuric  acid 
and  water  in  the  glass.  Two  or  three  cells  generally  suffice 
for  the  opening  current,  the  number  necessary  for  the  closing 
current  varying  with  the  extent  and  resistance  of  the  circuit. 
In  certain  special  cases  Bunsen  cells,  such  as  are  used  for 
telegraphy,  have  been  employed.  In  these  cells  the  carbon 
is  replaced  by  a  plate  of  copper,  riveted  to  the  zinc  cylinder  ; 
the  glass  contains  only  water,  and  the  porous  cup  a  mixture  of 
water  and  sulphuric  acid.  This  system  has  the  advantage 
of  being  serviceable  for  two  months  without  its  being  neces- 
sary to  touch  it,  but  the  electro-motive  force  which  it  devel- 
ops is  very  rapidly  exhausted.  When  the  current  is  allowed 
to  circulate  during  any  time,  the  battery  is  very  sensibly 
weakened  ;  if  the  circuit  be  interrupted,  it  stores  up  a  fresh 
force,  and  the  current  returns  to  its  original  intensity.  These 
batteries  are  very  irregular,  and  much  inferior  in  this  respect 
to  the  ordinary  Bunsen  batteries,  the  action  of  which  can  be 
considered  constant  during  the  same  series  of  experiments. 

The  opening-circuit,  a  b  c  d  efg  (Fig.  333),  includes  the 
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first  target,  the  disjunctor,  and  the  opening  electro-magnet ; 
it  passes  in  front  of  the  muzzle  of  the  gun,  whether  on  an 
ordinary  target-frame  placed  at  10ra  from  the  muzzle,  or  in  a 
simple  wire  stretched  across  the  face  of  the  muzzle.  In  this 
latter  case  it  must  be  ascertained  whether  the  wire  used  is 
strong  enough  to  resist  the  blast  of  gas  which  precedes  the 
projectile. 

The  second  circuit,  hijklmnopqrs,  includes  the 
second  target,  the  disjunctor,  and  the  closing  electro-magnet. 
In  the  trials  at  the  Naval  Experimental  Battery,  Annapolis, 
Md.,  there  is  used  in  forming  this  circuit  a  telegraphic  line 
parallel  to  the  line  of  fire.  The  current  is  brought  to  the 
second  target,  k  /,  by  a  conductor,  i  k,  united  to  the  line  at 
the  top  of  the  target.  After  its  passage  through  the  target, 
the  current  reaches  the  earth  through  a  plate,  w,  thrust 


FIG.  333. 


into  the  ground  near  by,  the  circuit  being  continued  by  a  sec- 
ond plate,  n,  planted  near  the  location  of  the  instrument ;  the 
current  returns  from  this  plate  to  the  battery  by  passing 
through  the  instrument.  By  this  arrangement,  Avhen  the 
range  is  changed,  it  suffices  to  simply  move  the  second  tar- 
get and  its  earth-plate.  These  plates,  which  are  formed  of  a 
simple  plate  of  copper  or  of  zinc  of  a  few  decimetres  long, 
or  of  a  coil  of  wire,  ought  to  be  placed  either  in  water  or  in 
a  damp  stratum  of  soil.  If  by  the  nature  of  the  ground 
this  kind  of  soil  is  difficult  to  reach,  the  current  should  be 
returned  to  the  battery  by  a  second  metallic  conductor. 

All  these  dispositions  being  made,  it  is  ascertained 
whether  the  currents  pass,  and  whether  they  have  sufficient 
force  to  hold  the  levers  of  the  clepsydra  in  position. 
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The  magnets  are  then  regulated  by  running  the  movable 
core  more  or  less  inside  the  coil.  The  force  of  attraction  is 
regulated  so  that  the  levers  will  be  held  with  the  least  power 
necessary  to  prevent  their  being  subject  to  accidental  release. 
The  operator  then  fills  to  level  by  pouring  a  cup  of  mercury 
into  a  glass  funnel  placed  in  the  orifice,  V,  and  then  opening 
the  overflow.  It  is  to  be  remarked  that  by  this  operation 
the  mercury,  which  forms  the  surface  of  the  bath,  is  drawn 
from  the  receiver,  and  this  is  the  only  portion  which  can 
contain  impurities.  This  mercury  is  poured  into  a  flannel 
strainer,  from  which  it  comes  out  free  from  oxide  and  dust. 
This  process  is  necessary,  for  experience  has  proved  that  the 
mercury  employed  ought  to  be  perfectly  clean.  It  must  then 
be  improved  in  quality  by  use  in  the  instrument,  owing  to 
these  successive  filtrations. 

To  make  ready  the  instrument,  the  currents  are  first 
made  to  circulate,  by  pressing  on  the  button  of  the  disjunc- 
tor  until  the  spring  is  caught  in  the  catch ;  then  with  the 
forefinger  the  catch,  T,  is  disengaged,  while  the  closing-lever 
is  brought  in  contact  with  its  magnet  by  using  the  thumb. 
As  to  the  opening-lever,  it  is  self-acting,  for  it  is  raised 
against  its  magnet  each  time  the  mechanism  operates. 

To  cause  disjunction,  the  spring  of  the  disjunctor  is 
released  by  bearing  with  the  forefinger  on  the  trigger,  #,  and 
with  the  thumb  on  the  guard,  v.  These  operations,  as  will 
be  seen,  are  extremely  simple  and  rapid ;  the  principle  has 
therefore  been  adopted  of  making  three  disjunctions  before 
each  fire,  which  requires  hardly  a  half  minute.  The  mer- 
cury being  received  each  time  in  the  same  vessel,  the  total 
weight,  divided  by  3,  will  be  that  of  the  disjunction  ob- 
tained by  a  mean  of  three  trials.  After  having  made  the 
disjunctions,  the  original  level  is  not  restored  preparatory  to 
the  firing,  for  the  quantity  of  mercury  run  off  is  too  small 
to  alter,  in  a  sensible  degree,  the  height  of  the  liquid  in  the 
reservoir.  At  the  instant  of  firing,  the  levers  I  and  J  fall 
successively,  but  if  the  magnets  be  regulated  too  "  fine,"  it 
will  follow  that  the  shock  produced  by  the  fall  of  the  first 
lever  will  cause  that  of  the  second.  This  effect  is  avoided 
in  the  following  way:  If  the  time  to  be  measured  exceeds 
one  second,  which  is  generally  the  case,  before  giving  the 
order,  "fire,"  the  closing  lever  is  held  against  its  magnet 
by  the  finger  until  the  opening-lever  has  fallen.  Operating 
in  this  way  in  the  measure  of  a  time  less  than  a  second, 
there  would  not  be  time  to  remove  the  finger  before  the  rup- 
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ture  of  the  second  target ;  therefore,  in  this  case,  sufficient 
force  is  given  to  the  magnet  to  prevent  its  releasing  its  hold 
when  the  first  lever  falls. 

The  weights  are  taken  by  means  of  a  balance  forming  a 
part  of  the  apparatus,  which  is  constructed  with  a  view  to 
this  special  use.  For  convenience  of  transport,  it  can  be  dis- 
mounted and  placed  in  the  instrument-case.  This  balance 
not  being  sensitive  beyond  a  half  centigramme,  the  weights  are 
easily  taken.  This  degree  of  precision  is  quite  sufficient,  for 
the  half  centigramme  represents  a  time  less  than  the  twelve- 
thousandth  of  a  second.  Immediately  after  firing,  the  dis- 
junction is  weighed ;  then  the  discharge  during  the  passage 
of  the  shot,  and  the  mercury  poured  back  into  the  instru- 
ment, restores  the  original  level.  In  this  way  the  operation 
of  levelling  need  be  done  but  once  at  the  commencement  of 
the  practice.  If,  however,  the  temperature  changes  sensibly, 
it  ought  to  be  done  over. 

As  the  twofold  weighing  is  quite  a  long  operation,  a 
mongrel  process  is  used  which  possesses  very  nearly  the  same 
exactness.  In  the  experiments  the  weight  which  will  be 
obtained  is  always  approximately  known  ;  and  this  weight, 
varying  but  very  little  from  fire  to  fire,  a  counter-balance  is 
used  which  balances  this  approximate  weight  placed  in  one  of 
the  scale-pans  with  the  vase  in  which  the  mercury  is  to  be 
weighed.  At  each  trial  it  is  only  necessary  to  replace  the 
approximate  weight  by  the  mercury  obtained,  and  to  balance 
the  scale  with  small  weights,  which  are  the  amount  to  be 
added  or  subtracted  in  order  to  get  the  weight  sought.  In 
order  to  simplify  this  operation,  the  counter-balance  is 
adjusted  for  the  minimum  which  can  be  obtained,  and  in  this 
way  the  difference  is  always  to  be  added.  A  counter-balance 
is  also  used  in  weighing  the  disjunctions.  Experience  has 
shown  that,  with  a  little  practice  at  the  balance,  the  opera- 
tion of  weighing  is  easily  done  within  the  time  required  for 
repairing  the  targets  and  the  serving  of  the  piece. 

FORCE  OF  GRAVITY." —  In  the  use  of  nearly  all  electro- 
ballistic  machines,  the  force  of  gravity  enters  as  a  neces- 
sary element  in  the  calculation.  The  following  formula* 
may  be  employed  to  calculate  the  most  probable  value  of 
the  apparent  force  of  gravity  —  being  the  resultant  of  true 
gravitation  and  centrifugal  force  —  in  any  locality  where 
no  pendulum  observations  of  sufficient  accuracy  have  been 
made. 

*  Elements  of  Natural  Philosophy,  by  Professor  Sir  W.  Thompson  and  P. 
G.  Tait.  Oxford:  1S73. 
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This  formula  with  the  two  coefficients  which  it  involves, 
corrected  according  to  modern  pendulum  observations,  is  as 
follows  : 

Let  G-  be  the  apparent  force  of  gravity  on  a  unit  mass  at 
the  equator,  and  g  that  in  any  latitude  J.:  then 

g  —  a  (1  +  .00513  sin2  A). 

The  value  of  Gr  in  terms  of  the  absolute  unit  is  32.088. 

When  the  point  of  observation  is  materially  above  the 
sea-level,  the  true  gravity  may  be  derived  with  sufficient 
accuracy  for  all  practical  purposes  from 

'  /1     L    5h 

q  =  y  (  1  4-  -T 
J  \    ~  4r 

in  which  g'  represents  the  force  of  gravity  at  the  height,  A, 
above  the  sea,  and  r,  the  radius  of  the  earth.  (Army  Ord- 
nance Manual,  p.  469.) 

The  formulae  given  by  different  standard  authorities  will 
give  somewhat  varying  results  for  the  same  station.  That 
used  at  the  Naval  Experimental  Battery,  Annapolis,  and 
deduced  from  what  are  considered  the  most  reliable  data, 
is  g  =  32.1533. 

1163.  METHOD  OF  CALCULATING  THE  MUZ- 
ZLE OR  INITIAL  VELOCITY.  —  In  experimenting  with 
guns  it  is  convenient  to  place  the  first  screen  at  some  distance 
from  the  gun,  in  order  that  it  may  not  be  injured  by  the  blast 
of  the  discharge  ;  and  the  instrument  employed  records  the 
time  of  cutting  the  wires  at  both  screens.  The  time  occupied 
in  passing  from  the  first  to  the  second  screen  being  known, 
if  we  divide  the  distance  between  the  two  by  this  time  we 
find  the  velocity  of  the  projectile  at  a  point  midway  between 
the  two  screens.  It  will  be  evident  that  this  is  the  remaining 
velocity  of  the  projectile  at  the  distance  of  the  middle  point 
from  the  muzzle  of  the  gun,  and  in  order  to  obtain  the  muz- 
zle or  initial  velocity  it  is  necessary  to  calculate  the  loss  due 
to  the  resistance  of  the  air  while  the  shot  has  been  passing 
over  this  distance.  The  formula  for  making  this  calculation 
is  as  follows  : 

v- 

~ 


1  —  cv  X  S' 

V  —  initial  velocity  in  feet. 

v  =  remaining  velocity  in  feet,  or  velocity  at  middle  point 
between  the  screens. 
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=  distance  in  feet  from  muzzle  to  middle  point. 


R  —  radius  of  projectile  in  feet. 

W=.  weight  of  projectile  in  pounds. 
b  =  a  variable  coefficient   depending  on  the  form  and 
velocity  of  the  projectile. 

As  the  result  of  various  experiments  and  many  calcula- 
tions, b  may  be  considered  a  constant,  with  elongated  ogival- 
headed  projectiles  struck  with  a  radius  of  from  one  to  two 
diameters,  and,  for  velocities  over  1,100  feet  per  second,  may 
be  assumed  for  all  calculations  to  be  0.000063.  In  the  case 
of  spherical  projectiles  it  is  assumed  to  be  0.000081. 

Suppose,  for  example,  we  wish  to  find  the  initial  velocity 
of  a  180  Ibs.  projectile,  fired  from  the  8-in.  M.  L.  R.,  the 
observed  velocity  at  the  middle  point  being  1452.3  f.  s.  : 

D  =  7.95. 

W=  180  Ibs. 

#=175  ft. 


c  =  ~~  =  .00000003849. 
W 

v  =  1452.3  f.  s. 

v  1452.3 


"  1  -  cvS~~  1  -  (.00000003849  X  1452.3  x  175) 

=  1466.9  f.  s. 

By  Prof.  Bashforth's  rules,  and  using  Table  VIII.,  Appen- 
dix L,  a  general  table  of  values  of  -^-S  for  ogival-headed  shot, 

the  result  may  be  more  easily  obtained: 
d  =  7.95. 
W=  180  Ibs. 
#=175  ft. 


. 

~~ 


In  Table  VIII.,  opposite  1452.3  f.  s.,  we  find  the  number 
1097.5  ;  deduct  from  this  61.34,  and  we  have  1036.16  ;  and 
opposite  to  this,  in  the  same  table,  we  find  the  velocity,  1465.4, 
which  is  the  muzzle  or  initial  velocity  required. 

1164.  To  calculate  the  remaining  velocity  at  any  point  in 
the  flight  of  a  projectile,  the  initial  velocity  and  other  data 
being  given,  it  is  only  necessary  to  transpose  the  equation, 
and  it  becomes 

V 
~ 
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iS  =  the  distance  from  the  muzzle  in  feet,  at  which  it  is 
desired  to  know  the  remaining  velocity. 

Taking  the  same  data  as  in  the  above  example,  suppose 
we  wish  to  find  the  remaining  velocity  at  1,300  yards  from 
the  muzzle  : 

_  _  1466.9  _  _ 

~  1  +  (.00000003849  X  1466.7  X  3900) 
=  1202.3  f.  s.  remaining  velocity. 

By  Bashforth's  rules 

900  =  1367.2,  the  reduced  range. 

In  Table  VIII.,  opposite  the  initial  velocity,  1466.9  f.  s., 
we  find  1028.5,  to  which  must  be  added  the  reduced  range 
1367.2,  making  2395.7  ;  opposite  to  which,  in  the  same  table, 
we  find  1209.5  f.  s.,  which  is  the  remaining  velocity. 

1165.  ENERGY.  —  Having  thus  ascertained  the  velocity  of 
a  projectile  at  any  point  in  its  flight,  it  is  easy  to  calculate  the 
energy,  or  vis  viva,  which  is  the  blow  it  is  capable  of  deliver- 
ing at  that  point  : 

HV 


TF—  weight  of  projectile  in  pounds. 
v  —  velocity  in  feet  at  point  of  impact. 
g  =  force  of  gravity  =  32.16. 

The  result  is  in  foot-pounds,  and  it  is  only  necessary  to 
divide  by  2240  to  convert  it  into  foot-tons. 

1166.  Knowing  the  energy  of  the  projectile  at  any  point 
in  its  flight,  its  penetrative  power  can  be  determined  readily, 
on  the  principle,  based  on  actual  experiment,  that  the  resist- 
ance to  the  penetration  of  a  projectile  into  armor-plates 
varies  directly  as  the  diameter  or  circumference,  the  total 
energy  being  constant.  That  is  to  say,  if  two  shot,  of  the 
same  weight  and  same  velocity,  have  the  one  a  diameter  of  10 
inches  and  the  other  of  5  inches,  the  resistance  to  the  pene- 
tration of  the  former  will  be  twice  that  of  the  latter.  This  is 
true  also  if  two  shot  vary  in  weight,  diameter  and  velocity, 
provided  they  have  the  same  vis  viva  on  impact.  Therefore, 
to  determine  the  penetrative  power,  divide  the  energy  by  the 
number  of  inches  in  the  shot's  circumference.  The  formula 
for  energy  then  becomes 

" 
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This  gives  the  relative  powers  of  guns  in  foot-tons  per  inch 
of  shot's  circumference. 

1167.  PENETRATION.  —  In  order  to  find  the  penetration 
of  a  projectile  at  any  point  of  its  flight  into  an  armor-plate, 
the  following  formula  of  Captain  Noble  may  be  used : 


W 


p  =  penetration  in  feet. 

v  —  velocity  on  impact  in  feet. 

W—  weight  of  shot  in  pounds. 

g  =  force  of  gravity  =  32.16. 

D  —  diameter  of  shot  in  feet. 

K  =  a  constant  depending  on  the  nature  of  the  wrought- 
iron  in  the  plate  and  nature  and  form  of  head  of  projectile. 
With  an  ogival-headed  projectile  and  a  backed  plate,  K  = 
4821480.  With  a  hemispherical-headed  projectile  and  un- 
backed plates,  K  —  5357200. 

To  find  the  amount  of  backed  armor  that  an  8-in.  shot, 
weighing  180  Ibs.,  with  an  initial  velocity  of  1466.7  f.  s.,  will 
penetrate'  at  600  yards.  By  calculation,  as  in  the  foregoing 
example,  the  remaining  velocity  at  600  yards  is  found  to  be 
1337  f.  s. 

=  J°612  ft'  =  8'48  inches' 

1168.  Examples  of  the  Use  of  Tables  IX.  and  X.  (Appen- 
dix I.)  —  To  find  the  time  (£)  in  which  the  velocity  of  an 
8-inch  shot  of  180  Ibs.  would  be  reduced  from  1466.7  f.  s. 
to  1337  f.  s.  : 

tjrt  =  .35123*. 
W 

In  Table  IX.,  opposite  1466.7,  we  find  .651  sees.,  and  oppo- 
site 1337  we  find  .108  sees.,  the  difference  being  .543  sees. 

.35123*  =  543, 
.543  _Q 

=  Mim  rr  L58  secs- 

What  will  be  the  velocity  of  the  same  shot  at  the  end  of 
two  seconds  ? 

t  =  .35123  X  2  =  .70246  secs. 
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In  Table  IX.,  opposite  1466.7  f.  s.,  we  find,  as  before,  .651 
sec.;  adding  this  to  .70246  we  have  1.35346,  opposite  to 
which,  in  the  same  table,  we  find  1278  f.  s.,  which  is  the 
required  remaining  velocity. 

Find  the  striking  velocity  of  a  XV-in.  shot,  weighing  450 
Ibs.,  fired  with  an  initial  velocity  of  1600  f.  s.  at  a  target  500 
yards  off. 

cP 


W 


s  =  .4998  X  1500  =  749.7,  the  reduced  range. 


In  Table  X.,  opposite  1600  f.  s.,  we  find  837,  and  adding 
749.7  to  this  we  have  1586.7,  opposite  to  which,  in  the  same 
table,  we  find  the  velocity,  1376.6  f.  s.,  which  is  the  required 
striking  velocity. 

1169.  DETERMINATION  AND  MEASUREMENT  OF  PRESS- 
URES. —  The  in- 
strument used  for 
recording  the  pres- 
sure exerted  by 
the  powder-gas  in 
great  guns  is  a 
modification  of  the 
Rodman  internal- 
pressure  gauge. 

The  Double- 
pressure  Pluy. —  It 
consists  of  a  block 
of  soft  steel,  A 
(Fig.  334),  called 
the  housing,  fitted 
to  receive  the  fol- 
lowing movable 
parts : 

B  B,  two  screw- 
plugs  perforated  in 
the  direction  of 
their  length. 

C  C,  two  pis- 
tons of  hardened 
steel  fitting  these 
perforations  accu- 
rately. 

D  D,  two  dies 
with  centring  guides,  ##,  carrying  the  indenting  cutters,  E  E. 


FIG.  334. 
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F  F,  disks  to  be  indented.  The  score,  s  «,  receives  the 
twine  which  is  used  for  tying  the  instrument  in  its  place  at 
the  bottom  of  the  cartridge-bag. 

Instruments  of  similar  construction,  giving  but  one  record, 
are  used  with  guns  below  the  Xl-inch,  as  the  housing  of  the 
double  instrument  will  not  enter  the  chamber  of  the  smaller 
calibres  to  the  necessary  extent. 

From  the  character  of  the  records  of  this  instrument  it 
follows  that  the  larger  the  scale  upon  which  it  indicates,  the 
more  accurately  can  its  readings  be  determined ;  also,  that 
the  smaller  the  factor  by  which  the  area  of  the  piston  is 
multiplied  in  order  to  produce  the  unit  area  of  bore,  the  less 
will  be  the  effect  of  constants. 

In  consequence  each  instrument  is  provided  with  a  set  of 
cutters,  pistons,  and  corresponding  screw-plugs. 

1170.  The  Cutters  (Fig.  335)  have  a  constant  angle,  a  b  c, 
of  166°  34'  50",  but  vary  in  cross-section  as  follows:  45°,  60°, 
75°,  90°. 

By  this  system  of  variable  cutters,  the  maximum  length 
of  cut  (1.7  in.)  which  the  instrument  can  de- 
velop may  be  formed  in  the  disk  without  ex- 
ceeding a  fixed  depth  (0.1  in.)  of  indentation 
irrespective  of  the  pressure.  In  the  ordinary 
course  of  experiments,  pressures  are  approxi- 
mately known  beforehand,  and  the  selection  of  the  cutter 
and  piston  is  determined  accordingly. 

The  pistons  used  are  of  0.1  in.,  0.2  in.,  0.3  in.,  0.4  in.,  and 
0.5  in.  area,  and,  like  the  cutters,  may  be  varied  at  will  to  suit 
the  character  of  the  experiment  in  hand. 

1171.  Disks.  —  The  disk   used  in  the  pressure-gauge  for 
great  guns  is  a  cylinder  of  either  copper  or  silver,  0.5  in.  in 

height  and  1.7  inches  diameter.     (Fig.  336.) 

A  marked  advantage  has  been  gained  by 
the  use  of  the  latter  metal  for  all  work  in 
which  great  accuracy  is  desirable.  The  purest 
copper  of  commerce  contains  impurities  which 
affect  its  hardness  or  softness ;  besides,  this 
quality  is  influenced  by  the  mode  of  melting 

and  casting,  and  the  sources  of  this  irregularity 

FIG.  33(5.        are  not  under  such  control  of  experience  as  to 
warrant  the  production  at  all  times  of  a  metal 
uniform  in  this  respect. 

1172.  To  Prepare  the  Gauge  for  Use.  — Remove  all  of  the 
working  parts,  clean  and  oil  the  interior  of  the  instrument 
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and  screw-plug  thoroughly.  Introduce  the  disk,  and  then 
the  cutter  and  its  die,  using  tweezers  for  that  purpose  and 
taking  care  that  the  cutter  enters  gradually  and  without 
shock. 

Place  the  housing  on  its  side  in  a  vice,  and  screw  in  the 
plug  firmly,  after  which  remove  and  place  it  upright,  oil  the 
piston  thoroughly,  introduce  it  into  its  place,  and  press  it 
home  gently,  using  a  wooden  set  for  the  purpose ;  a  wad  of 
cotton  waste  saturated  with  oil  should  then  be  pressed  down 
into  the  vacant  space  outside  the  piston-head. 

The  gauge  is  placed  inside  the  cartridge-bag,  and  secured 
to  its  bottom  by  a  twine  seizing  so  passed  as  to  bind  the  bag 
into  the  score  of  the  housing.  The  powder  is  then  poured 
in,  taking  care  to  distribute  it  evenly  around  the  gauge,  so 
that  when  placed  in  the  gun  the  gauge  shall  be  centred 
with  the  pistons  toward  the  muzzle. 

The  instrument  is  frequently  found  in  the  gun  after  fir- 
ing. It  should  be  handled  with  care  in  opening  it  to  obtain 
the  disk,  as  sudden  jars  or  shocks  may  alter  or  deface  the  in- 
dentation. 

1178.  The  Pressure  indicated  by  the  indentation  is  deter- 
mined by  means  of  an  instrument  shown  in  Fig.  337.  This 
is  fitted  for  each  experiment  with  the  cutter  by  which  the 
indentation  formed  in  the  gun  was  actually  made.  The  disk 
being  in  position,  the  instrument  is  placed  in  the  Rodman 
testing-machine,  arranged  for  crushing  strain,  and  power  is 
applied  until  the  original  cut  is  duplicated. 

The  indicated  power  multiplied  by  the  ratio  of  the  piston 
area  to  the  assumed  unit  area  gives  the  pressure  in  pounds. 
When  the  length  of  cut  nearly  equals  a  diameter,  the  indi- 
cated pressure  should  be  obtained  by  using  a  fresh  disk.  If 
not  of  too  great  length  it  may  be  determined  by  cuts  in  the 
disk  itself. 

For  comparing  the  length  of  indentations,  an  accurate 
pair  of  spring-dividers,  a  magnifying  glass,  and  a  standard 
scale  reading  to  hundredths,  are  used. 

1174.  THE  PRESSURE-ESTIMATOR  (Fig.  337)  consists  of  a 
cutter-stem,  ABC,  cylindrical  as  far  as  B,  from  B  to  C  rec- 
tangular as  per  cross-section.  It  carries  on  it  two  disks  or 
nuts,  E  F ;  E  working  on  a  left-handed  screw  of  12  to  the 
inch  pitch,  F  on  a  right-handed  thread  cut  accurately  to  -fa 
in.  pitch. 

The  lower  end  of  the  cutter-stem  is  grooved  to  receive 
the  feather  of  a  knife,  M,  1.7  in.  long.  G  is  cylindrical,  and 
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lias  through  it  a  slot  in  which  the  lower  end  of  the  cutter- 
stem,  ABC,  fits  accurately.  H  is  a  circular  plate,  having 
in  its  centre  a  circular  recess  to  contain  the  disk,  I.  J  is  the 
saucer  or  base  which  centres  the  plate  H  and  guide-block 
G.  K,  a  pointer  with  a 
bob  on  its  end,  pivoted  at 
d  in  a  slot  cut  in  G,  stands 
horizontal  when  the  nut 
F  rests  on  G,  but  drops 
down  by  its  own  weight 
when  they  are  separated. 
e  e  are  holes  in  which  to 
place  a  punch  to  drive  out 
the  disk  or  plate  if  they 
wedge.  The  nuts  E  and 
F  are  fitted  on  the  upper 
half  to  be  worked  by  a 
spanner.  F,  of  precisely 
3.183  in.  external  diame- 
ter, has  a  circumferential 

scale  of  inches  graduated  FlG  337 

to  0.02  in.  (fiftieths). 

The  cutter  M  has  a  trifle  over  JQ  in.  vertical  play,  which 
exceeds  the  depth  of  an  ordinary  cut. 

1175.  Theory  of  the  Instrument.  —  The  zero  of  the  scale 
corresponds  to  the  position  shown ;  the  point  of  the  cutter 
tangent  to  the  disk,  F  resting  firmly  on  G,  and  the  pointer 
K  horizontal.      The  length  of   cuts  corresponding   to  any 
given  projections  of  the  cutter  beyond  the  lower  face  of  G 
may  be  determined  mathematically,  and  a  scale  constructed 
to  represent  them. 

The  pitch  of  the  screw  on  which  F  works  being  A  in., 
and  the  diameter  of  F  being  3.183  in.  graduated  to  fiftieths 
on  the  circumference,  the  distension  of  the  cutter  below  G 
can  be  read  by  the  index  L  to  y^j^  of  an  inch. 

1176.  To  use  the  Instrument.  —  Place  the  disk  I  in  the 
recess  of  the  plate  H,  and  place  the  plate  in  the  saucer  J. 
Adjust  the  guide-block  G  on  top  of  H,  slack  up  the  locking- 
nut  E,  and  revolve  F  the  number  of  times  or  fractional  parts 
of  a  time  necessary  to  give  the  play  between  F  and  G  needed 
to  make  the  required  cut.     Run   down   the   locking-nut   E 
firmly  to  relieve  the  thread  of  F  of  as  much  strain  as  possible. 
Insert  the  cutter-stem  in  the  slot  of  G,  and  place  the  instru- 
ment in  the  testing-machine,  and  work  the  crank  until  the 
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pointer  K  comes  horizontal,  as  shown  by  a  mark  on  the  in- 
dex L.  As  soon  as  the  pointer  is  up  reverse  the  crank  and 
relieve  pressure. 

By  this  instrument  the  cut  to  be  verified  can  be  repeated 
exactly  —  neither  longer  nor  shorter.  A  second  plate  like 
H  should  be  fitted,  having  the  centre  of  the  disk-recess  -^ 
inch  eccentric  to  the  centre  of  the  plate.  The  two  plates 
will  enable  five  cuts,  exclusive  of  that  made  in  the  gun,  to 
be  formed  in  each  disk. 

1177.  SPIRAL  PRESSURE-GAUGE.  —  This  is  Woodbridge's 
modification  of  Metcalfe's  plan,  where  a  system  of  equidis- 
tant concentric  rings,  on  a  conical  surface,  afford  the  means 
of  determining  the  pressure ;  and,  by  joining  these  rings  in 

a  continuous  spiral,  the  heli- 
cal arc  indicates  the  depth  of 
the  impression  with  an  ex- 
ceeding delicacy. 

In  Fig.  338  A  represents 
a  section  of  the  housing, 
drilled  and  tapped  to  receive 
a  piston,  F,  and  a  base-tap  or 
screw-plug,  G,  between  which 
FIG.  338.  is  placed  a  copper  pressure- 

disk,  H.     A  ring  of  leather, 

occupying  the  groove  N,  forms  the  requisite  packing  for  the 
piston. 

The  end  of  the  piston  next  the  disk  is  conically  concave, 
the  surface  of  the  concavity  being  chased  to  form  helical 
threads  of  ^  of  an  inch  pitch  from  centre  to  circumference, 
and  divided  radially  into  ten  equal  parts. 

One  of  the  dividing  lines  is  enough  heavier  than  the 
others  to  be  easily  distinguished. 

The  figure  at  J  is  intended  to  represent  the  arrangement 
of  the  lines  on  the  concave  end  of  the  piston,  and  K  an  im- 
pression upon  the  disk. 

When  by  the  explosion  of  the  charge  the  piston  is  forced 
upon  the  disk,  it  yields  to  the  pressure  to  an  extent  indi- 
cated by  the  number  of  turns  of  the  helical  thread  imprinted 
upon  it.  And  the  indicated  pressure  may  be  read  by  com- 
mencing at  the  heavy  radial  cut  and  counting  the  ridges  of 
the  thread,  then  to  the  right  the  radial  divisions  to  the  end 
of  the  impression.  The  ridges  will  give  the  number  of  turns, 
and  the  divisions  the  tenths. 

From  imprints  of  the  piston  on  disks  pressed  in  the  test- 
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ing-machine  with  given  weights,  curves  are  constructed  in 
which  the  pressures  are  taken  as  abscisses  and  turns  of  the 
helices  impressed  as  ordinates.  These  are  used  in  reading 
the  indications  of  pressure. 

A  half-inch-area  piston  is  used  for 
pressures  up  to  20,000  pounds  per 
square  inch,  and  a  quarter-inch-area 
piston  for  the  higher  pressures.  It 
will  record  to  100,000  pounds  with 
great  reliability,  if  the  gauge  is  clean 
and  well  oiled,  and  the  leather  packing 
in  good  order. 

1178.  THE  CRUSHER-GAUGE.  — 
This  is  a  term  applied  to  the  English 
pressure-gauge  (Fig.  339).  It  con- 
sists of  a  tube  or  cylinder  of  steel 
which  admits  of  the  insertion  of  a 
small  cylinder  of  copper,  B,  which  is 
retained  in  the  centre  of  the  chamber, 
c  d  ef,  by  a  small  watch-spring.  One 
end  of  this  cylinder  rests  against  an 
anvil,  A,  and  the  other  is  acted  upon 
by  a  movable  piston,  C,  which  is  kept 
tight  against  the  cylinder  by  the 
spring,  ?'.  A  gas-check,  D,  is  inserted 
against  the  lower  extremity  of  the 
piston  ;  and  should  any  gas  get  past 
this,  there  are  passages  by  which  it. 
can  escape  into  the  open  air.  In  this 
apparatus  the  method  of  compression 
is  used  for  ascertaining  the  pressures. 

The  crusher-gauge  is  used  in  ex- 
actly the  same  way  as  the  Rodman 
gauge.  Upon  the  explosion  of  the 
charge  the  gas  acts  upon  the  area  of 
the  piston  and  crushes  the  copper  cyl- 
inder against  the  anvil.  The  amount 

of  compression   the   copper  thus  sus- 

i  •     i-      ,.  r    j_i          FIG.  339.  —  Sectional  eleva- 

tains  becomes  an  indication  or  the  tion  of  Crushing-instru- 
pressure  exerted  upon  the  piston.  ment. 

In  order  to  obtain  data  whereon  to 

base  the  calculations  of  the  pressures,  a  series  of  experiments 
is  made  by  means  of  a  testing  instrument  to  determine  the 
pressure  required  to  produce  a  definite  amount  of  compres- 
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sion  on  copper  cylinders  similar  to  those  used  in  the  instru- 
ment. The  results  of  these  experiments  are  tabulated,  and 
they  furnish  a  means  of  comparison  whereby  the  amount  of 
compression  produced  in  the  crusher  becomes  a  direct  indi- 
cation of  the  pressure  exerted  by  the  gases  at  that  part  of 
the  bore  where  the  gauge  is  placed. 

The  results  of  experiments  show  that  the  copper  disks 
cannot  be  depended  upon  to  give  uniform  results,  but  latterly 
disks  of  pure  silver  have  been  employed,  and  the  margin  of 
error  has  been  much  reduced. 

One  great  obstacle  to  the  attainment  of  correct  pressure 
indications  is  the  difficulty  of  obtaining  perfect  uniformity 
in  the  quality  of  the  metal  upon  which  the  pressures  are  re- 
corded. To  this  possible  defect  as  well  as  the  probable  im- 
perfect action  of  the  piston  may  be  attributed  the  very  wide 
differences  between  the  results  sometimes  obtained  with 
equal  charges  of  the  same  kind  of  powder. 

1179.  PRESSURE-CURVES.  —  Having  obtained  the  press- 
ures and  velocities  as  they  actually  occur  in  the  bore,  we 
may  make  a  graphic  representation  of  them  by  constructing 
a  curve  which  would  have  for  abscisses  the  times,  and  for 

ordinates  the  press- 

y  ures,    of    the  gases. 

We  would  find  it 
somewhat  similar  to 
Fig.  340.  That  is, 
the  tension  increases 
with  great  rapidity 
in  the  first  moments 
of  combustion  ;  it 
attains  promptly  the 
maximum,  and  then 
decreases  with  less 
rapidity.  It  is  to 
this  circumstance 

FIG.  340.  that    are     due     the 

bursting    properties 

of  the  powder  and  the  destructive  effects  which  it  sometimes 
exerts  upon  the  bore  of  the  piece. 

But  with  equality  of  charge  the  curve  is  found  to  van- 
very  much  with  different  powders ;  therefore  it  is  desirable 
to  produce  such  a  powder  that  the  curve  OMB  may  be 
replaced  by  a  curve  such  as  OM'B',  in  Avhich  the  maximum 
may  be  less  elevated,  but  whose  total  area  may  be  equal  or 
even  superior. 
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Thus  we  should  endeavor  to  take  away  from  the  powder 
its  bursting  properties,  and  preserve  to  the  projectile  the 
same  velocity  in  leaving  the  bore,  or  even  impress  upon  it  a 
greater  velocity.  In  order  to  accomplish  this  it  is  neces- 
sary to  consider  what  has  been  said  under  the  head  of  Explo- 
sive Force  of  Gunpowder. 

1180.  INSPECTION    REPORT.  — The    report    of    in- 
spection should  show  the  place  and  date  of  fabrication  and 
of  proof;  the  kind  of  powder  and  its  general  qualities,  as 
the    number   of  grains   in  100  grs. ;    whether  hard  or  soft, 
round  or  angular ;  of  uniform  or  irregular  size  ;  whether  free 
from  dust  or  not ;  the  initial  velocities  obtained  in  each  fire  ; 
the   amount   of  pressure    for   each   charge ;    the    amount  of 
moisture  absorbed ;  and,  finally,  the  height  of  the  barometer 
and  hygrometer  at  the  time  of  the  proof. 

1181.  MARKS    ON    THE    BARRELS.  —  Barrels    must    be 
marked  on  the  head  (Fig.  341)  with 

maker's  name,  date  of  manufacture, 
initial  velocity  when  manufactured, 
density,  pressure,  kind  of  powder,  lot, 
class,  last  initial  velocity  and  pressure 
obtained. 

1182.  RESTORING   UNSERVICEA- 
BLE POWDER.  —  When  powder  has 
been    damaged   by   being   stored   in 
damp   places,    it   loses   its   strength. 
If  the  quantity  of  moisture  absorbed 
does  not  exceed  seven  per  cent.,  it  is 

sufficient  to  dry  it,  to  restore  it  for  service.     This  is  done 
by  exposing  it  to  the  sun. 

1183.  CONDEMNED    POWDER.  —  When   powder  has   ab- 
sorbed more  than  seven  per  cent,  of  water,  it  is  condemned, 
and  sent  to  the  powder-mills  to  be  worked  over. 

When  it  has  been  damaged  with  salt  water  or  become 
mixed  with  foreign  matter  Avhich  cannot  be  separated  by  sift- 
ing, the  nitre  is  dissolved  out  from  the  other  materials  and 
collected  by  evaporation. 

When  powder  is  condemned  by  survey,  it  should  be 
turned  into  store  ;  as  the  nitre  contained,  which  forms  three- 
fourths  of  the  powder,  is  still  perfectly  good,  and  can  be 
made  serviceable  in  making  new  powder. 

1184.  PURCHASING     POWDER    ABROAD. — In    case    of 
necessity,  powder  for  saluting  may  be  purchased  abroad  in 
order   to  preserve   a   supply  of  our   own   proof-powder   for 
battle. 
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Should  it  become  necessary  to  use  powder  for  service- 
charges  which  has  not  been  regularly  inspected  and  proved 
in  the  manner  required  by  regulations,  such  tests  of  it  must 
be  made  as  circumstances  will  admit.  The  ranges  given  by 
it  may  be  compared  with  those  of  service-powder  of  good 
quality  under  the  same  circumstances.  If  deficient  in 
strength,  the  quantity  of  the  charges  should  be  increased, 
until  the  ranges  are  equalized,  in  order  that  the  sight-bar 
may  still  indicate  the  proper  elevations  for  each  charge  and 
distance. 

Section  IV.  —  Preservation  and  Storage  of  Gunpowder. 

1185.  PRESERVATION    AND    STORAGE.  — In   the 

stowage  of  powder,  both  ashore  and  afloat,  especial  pains 
should  be  taken  to  secure  it  from  the  dangers  of  explosion 
and  the  effects  of  moisture ;  and  to  this  end  great  care  is 
observed  in  the  construction  and  locality  of  magazines  and 
shell-rooms,  particularly  on  board  ship,  where  many  details 
have  to  be  considered,  and  every  possible  precaution  taken 
to  accommodate  the  full  allowance  of  powder  completely,  to 
guard  it  to  the  utmost  against  injury  and  accidental  explo- 
sion, and  to  deliver  it  from  the  magazine  as  required  with 
facility  and  certainty. 

1186.  MAGAZINES  ON  SHORE  for  the  storage  of  gunpowder 
are  generally  built  of  brick  or  stone  in  a  very  substantial 
manner,  and   in   places   free  from  moisture,  and  should  be 
remote  from  danger.     The  magazine  should  be  fire-proof  and 
dry,  and  protected  by  lightning-rods,  which  are  attached  to 
masts  or  poles  planted  from  six  to  ten  feet  from  the  walls  of 
the  building;   the  mast  should  be  of  such  height  that  the 
point  of  the  stem  may  be  about  fifteen  feet  above  the  build- 
ing.    Magazines  should  never  be  opened  while  there  is  thun- 
der and  lightning. 

For  the  preservation  of  the  powder,  and  of  the  floors  and 
lining  of  the  magazine,  it  is  of  the  greatest  importance  to 
preserve  unobstructed  the  circulation  of  air  under  the  floor- 
ing as  well  as  above.  The  windows  should  have  inside  shut- 
ters of  copper  wire-cloth.  The  ventilators  must  be  kept 
free.  No  shrubbery  or  trees  should  be  allowed  to  grow  so 
near  as  to  protect  the  building  from  the  sun.  The  magazine- 
yard  should  be  paved  and  well  drained,  and  kept  scrupulously 
clean. 

1187.  STORAGE.  —  Powder-barrels  in  magazines  on  shore, 
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when  there  are  no  racks,  should  be  stowed  on  their  sides, 
with  their  marked  ends  towards  the  alleys,  three  tiers  high, 
or  four  tiers  if  necessary,  with  small  skids  on  the  floor  and 
between  the  several  tiers  of  barrels,  using  chocks  at  intervals 
on  the  lower  skids  to  prevent  the  barrels  from  rolling.  If  it 
is  necessary  to  pile  the  barrels  more  than  four  tiers  high, 
the  upper  tiers  should  be  supported  by  a  frame  resting  on  the 
floor;  or  the  barrels  may  be  placed  on  their  heads  with 
boards  between  the  tiers. 

Whenever  practicable,  the  barrels  should  be  arranged  in 
double  rows,  with  a  passage-way  between  the  rows,  so  that 
the  marks  on  each  barrel  may  be  seen  at  a  glance,  and  any 
barrel  easily  reached. 

Barrels  must  be  carefully  examined  before  putting  them 
into  the  magazines,  to  see  that  they  are  perfectly  tight ;  that 
the  hoops  are  not  fastened  with  iron  nails ;  that  there  is  no 
iron  or  any  thing  objectionable  about  the  barrel. 

The  powder  should  be  separated  according  to  its  kind, 
the  place  and  date  of  fabrication,  and  the  proof-range. 

Each  parcel  of  powder  should  be  inscribed  on  a  ticket, 
and  attached  to  the  pile,  showing  the  entries  and  the  issues. 

Powder,  when  stored  in  magazines  on  shore,  must  be  kept 
only  in  barrels,  and  arranged  in  lots,  being  classed  as  follows : 

Class  1.  New  powder. 

Class  2.  Powder  returned  from  ships  and  other  sources 
which  has  been  found  after  proof  to  be  up  to  the  required 
standard  for  service. 

Class  3.  Returned  powder,  fit  only  for  filling  projectiles. 
(Powder  taken  from  projectiles  shall  be  used  again  only  for 
filling  projectiles.) 

Class  4.  Returned  powder  fit  only  for  saluting. 

Class  5.  Powder  unfit  for  use. 

There  should  be  an  unencumbered  space  of  six  or  eight 
feet  square  at  the  door  or  doors  of  the  magazine. 

1188.'  PRESERVATION. —  Powder-houses  or  magazines  011 
shore  are  to  be  inspected  by  the  ordnance  officer  at  least 
once  in  every  week,  and  every  precaution  taken  to  guard 
them  against  explosion,  and  to  preserve  the  powder  dry  and 
in  good  condition. 

Magazines  should  be  opened  and  aired  in  clear,  dry 
weather,  when  the  temperature  of  the  air  outside  is  lower 
than  that  inside  the  magazine.  The  moisture  of  a  magazine 
may  be  absorbed  by  chloride  of  lime  or  charcoal,  suspended 
in  an  open  box  under  the  arch  of  the  door,  and  renewed 
from  time  to  time. 
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The  use  of  quicklime  is  dangerous  and  forbidden. 

The  powder  in  barrels  should  be  turned  from  time  to 
time,  at  least  as  often  as  every  three  months;  and  being 
arranged  as  mentioned  before,  the  oldest  powder  will  always 
be  accessible  for  first  delivery,  without  disturbing  that  of 
more  recent  manufacture. 

1189.  SERVICE  OF  THE  MAGAZINE.  —  When  powder  is 
handled  in  powder-houses  or  magazines  on  shore,  either  for 
the  purpose  of  inspection  or  preparation  for  delivery  to  ships, 
the  baize-cloth  is  to  be  spread,  and  the  people  before  enter- 
ing the  magazine  must  divest  themselves  of  every  metal 
implement,  empty  their  pockets,  —  that  nothing  likely  to  pro- 
duce fire  may  escape  detection,  —  and  put  on  the  magazine 
dresses  and  slippers.  Neither  loose  powder  nor  open  bar- 
rels will  be  permitted  to  remain  in  a  magazine,  nor  shall 
barrels  on  any  account  be  opened  in  a  magazine.  Should  a 
barrel-head  start,  the  barrel  must  be  immediately  removed  to 
the  shift  in  y-hoiise,  and  the  powder  shifted  into  a  serviceable 
barrel.  The  barrels  must  be  opened  only  on  the  floor-cloth 
in  the  shifting-house,  and  no  metallic  setter  used  in  driving 
either  copper  or  wooden  hoops.  Powder-barrels  should  never 
be  opened  except  when  required  for  use,  as  grains  of  powder 
falling  between  the  staves  would  prevent  their  being  tight- 
ened. Samples  must  always  be  taken  from  the  bungs. 

Magazine-dresses.  —  They  are  to  be  of  worsted,  like  a 
simple  shirt,  to  reach  to  the  knees ;  no  metal  buttons  to  be 
worn. 

Magazine-slippers.  —  They  must  be  made  Avholly  of  cotton, 
cloth,  or  buckskin.  In  hot  or  warm  climates  the  naked  feet 
are  generally  preferred.  India-rubber  and  woollen  slippers 
are  prohibited. 

Fixed  Ammunition  should  not  be  put  in  the  same  maga- 
zine with  powder  in  barrels. 

Fireivorks  should  never  be  stored  in  a  powder-magazine. 

The  Magazine  Ledger  should  show  at  all  times  the  quan- 
tity of  powder  on  hand,  the  number  of  barrels,  the  marks 
on  each  barrel,  and,  in  fact,  a  complete  history  of  all  the 
powder  in  the  magazine. 

Issuing  Poivder.  —  When  powder  is  to  be  issued  for  use 
to  any  vessel,  it  shall  be  selected  as  far  as  practicable  from 
deliveries  made  by  the  same  manufacturer,  at  the  same  time 
or  date.  The  powder  is  measured  in  copper  measures,  and 
put  into  cartridge-bags,  and  the  cartridges  stowed  in  powder- 
tanks.  A  correct  history  of  all  powder  issued  must  accom- 
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pany  it.  When  powder  is  shifted  from  one  barrel  or  tank  to 
another,  care  must  be  taken  to  remove  all  old  marks,  and  to 
mark  the  barrel  correctly  for  its  contents. 

Great  irregularities  having  been  discovered  in  the  weight 
of  cartridges  supplied  from  the  different  magazines,  it  is 
ordered  that  at  least  ten  measures  shall  be  weighed  at  each 
filling,  and  allowance  made  for  different  densities,  by  using  a 
small  compensating  measure  to  supply  the  deficiency  or 
to  remove  the  excess. 

1190.  SHIPS'  MAGAZINES. —  All  powder,  whether  public 
or  private,  must  be  safely  stowed  in  the  magazine. 

Form.  —  In  view  of  the  fact  that  all  the  powder  for  use 
on  board  of  ships  is  now  put  up  in  cartridge-bags,  and 
stowed  in  cubical  copper  tanks  made  water-tight,  the  form  of 
magazines  should  be  as  nearly  rectangular  as  the  shape  of 
the  vessel  will  admit. 

Strength. —  They  should  be  built  strong  enough  to  resist 
sufficiently  the  effect  of  the  working  of  the  vessel  in  heavy 
weather,  and  also  the  pressure  of  water  they  will  have  to 
sustain  in  case  of  being  flooded. 

Situation.  —  When  there  is  only  one  magazine,  it  is 
always  in  the  after  part  of  the  vessel ;  but  when  two,  one 
aft,  the  other  forward ;  and  they  are  to  be  as  nearly  equal  in 
regard  to  capacity  as  the  shape  of  the  vessel  and  other  cir- 
cumstances will  admit. 

1191.  CONSTRUCTION. —  The  magazine  consists  of  three 
parts  (Fig.  342)  : 

The  room  where  the  charges  are  stowed ;  a  small  delivery- 
room  or  passage,  usually  athwartship,  immediately  outside 
of  this,  into  which  the  charges  are  passed  before  going  on 
deck  ;  and  the  light  rooms  or  boxes. 

The  magazine  and  its  passage,  considered  as  one,  must  be 
made  perfectly  water-tight  by  calking  the  bottom  and  sides, 
and  then  lining  them  internally,  first  with  white-pine  boards, 
tongued  and  grooved,  and  again  with  sheets  of  lead  of  extra 
thickness  soldered  together  over  these  boards.  Both  these 
linings  are  to  extend  entirely  over  the  bottom,  or  floor,  and 
all  the  way  up  to  the  crown  on  all  sides. 

When  the  magazine  reaches  the  ceiling  of  the  ship,  it 
must  be  battened  off  two  inches ;  the  lining  of  the  floor 
must  be  battened  up  one  inch,  and  also  the  magazine-deck, 
so  that  water  leaking  through  the  sides  of  the  vessel  may 
run  by  and  under,  and  not  into,  the  magazine. 

An  external  lining  of  sheet-iron  must  be  resorted  to  as 
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a  protection  against  fire,  and  to  prevent  the  intrusion  of 
rats. 

When  it  is  impossible  to  avoid  extending  the  sides  of  the 
magazine  so  far  out  towards  the  skin  of  the  ship  as  to  leave 
only  an  air-passage  on  either  side,  the  crown  should  be  at 
least  six  feet  below  the  deep  load-line. 

In  all  cases  where  this  crown  is  less  than  six  feet  below 
that  line,  the  sides  should  be  made  susceptible  of  protection 
by  allowing  a  space  to  interpose  materials,  such  as  sand, 
coal,  or  water  in  tanks,  between  them  and  the  interior  plank- 
ing of  the  ship.  An  average  space  of  six  feet  or  more  on 
both  sides  will  be  sufficient. 


1  Under  no  circumstances,  however  well  the  side  be 
guarded,  should  the  crown  of  the  magazine,  if  it  can  be 
avoided,  be  less  than  four  feet  below  the  load-line. 

Their  floors  may  rest  on  the  kejson,  but  should  not  come 
below  it. 

Their  height  should  be  equal  only  to  an  exact  number  of 
times  the  height  of  a  powder-tank  when  lying  on  its  side,  in 
addition  to  the  thickness  of  the  shelving ;  an  additional  inch 
should  be  allowed  for  play  or  spring. 

The  whole  height  in  the  clear  should  be  limited  by  the 
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condition  that  a  man  standing  on  the  floor  may  reach  the 
upper  tier  of  tanks  with  ease. 

Four  tiers  of  200-pound  tanks,  three  of  them  resting  on 
shelves  two  inches  thick,  and  the  other  on  inch-battens  on 
the  magazine-floor,  with  an  allowance  of  one  and  a  half  inch 
for  play,  will  require  a  height,  in  the  clear,  of  six  feet  two 
inches.  Both  safety  and  convenience  would  suggest  this  as 
the  maximum  limit  in  height,  even  for  the  largest  magazine. 

If,  however,  in  a  ship  of  great  draft  of  water,  it  should 
be  found  practicable  to  have  height  enough  for  five  tiers  of 
tanks,  then  the  lower  tier  may  be  laid  so  as  to  occupy  the 
whole  of  the  magazine-floor ;  and  on  the  top  of  this  tier,  in 
the  alley-way,  a  light  false  bottom  is  to  be  placed  for  the 
men  to  stand  upon  to  enable  them  to  reach  the  upper  tier, 
which  is  the  one  that  should  be  exhausted  first.  This  false 
bottom  should  be  made  of  gratings,  and  in  sections  conven- 
ient for  speedy  removal. 

A  magazine  aft  in  a  ship  is  to  have  its  passage  for  deliver- 
ing powder  adjoining  its  forward  part  ;  and  one  forward  in  a 
ship  is  to  have  this  passage  adjoining  its  after  part,  in  order 
that  it  may  never  be  necessary  to  pass  powder  over  the  light- 
box  scuttle. 

As  many  doors,  D  (Fig.  343),  are  to  be  cut  in  the  bulk- 
head, IH  (Fig.  342),  separating  this  passage  from  the  maga 
ftine-room,  as  there  are  alleys  to  be  left  in  the  latter,  between 


FIG.  343.  —  Section  on  H  I,  342. 


the  racks  or  shelves  on  which  the  tanks  are  stowed;  and 
these  doors  must  correspond  with  those  alleys.  They  are 
not  only  to  afford  a  means  of  entrance  to  the  magazines, 
but  also  for  passing  the  tanks  in  and  out. 

Through  the  upper  part  of  each  door  a  small  scuttle,  S, 
is  to  be  cut,  —  two,  if  necessary,  —  for  the  purpose  of  pass- 
ing the  cartridges  out  of  the  magazine-room  with  the  door 
itself  closed ;  and  is  to  have  a  lid  so  arranged  as  to  open 
outwards  only,  and  to  close  of  itself  when  the  scuttle  is  not 
actually  in  use. 
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Frigates  should  have  two  alleys  for  each  magazine  ;  in 
screw-vessels  of  large  size,  where  the  shaft  will  interfere 
with  this  arrangement,  two  alleys  for  the  forward  magazine. 
In  smaller  vessels  one  alley  will  suffice.  In  all  cases  the 
alley  is  not  to  be  less  than  two  feet  and  ten  inches  in 
breadth,  and  it  ought  to  be  more,  if  practicable,  to  prevent 
confusion  and  delay.  Each  alley  (AE,  Fig.  342)  is  to  be 
illuminated  by  a  separate  light. 

If  there  be  room  in  the  magazine,  there  should  be  space 
left  at  one  end  for  a  man  to  pass  from  one  alley  to  the  other 
without  going  into  the  passage. 

All  the  metallic  fixtures  about  a  magazine,  delivering- 
passage,  and  light-room,  must  be  of  copper. 

In  order  to  increase  security  against  the  effects  of  light- 
ning, a  magazine  should  be  placed,  if  practicable,  so  as  not 
to  include  a  part  of  a  mast. 

1192.  FLOODING  THE  MAGAZINE.  —  Each  magazine  as  a 
whole,  that  is,  including  the  delivery-passage,  being  made,  as 
stated  before,  water-tight,  is  to  be  provided  with  an  inde- 
pendent cock,  T,  for  filling  it  rapidly  with  water ;  a  waste- 
pipe  leading  from  the  upper  tier  of  tanks  to  carry  off  the 
superfluous  water,  and  a  cock  just  at  the  floor  to  empty  the 
magazines  after  having  been  flooded.     Both  the  cocks  must 
be  turned  from  the  decks  above,  each  having  a  lever  at- 
tached to  its  spindle  for  the  purpose,  distinctly  marked  witl* 
engraved  letters  what  it  is  and  how  it  is  to  be  used,  and 
kept  secured  by  a  proper  lock,  the  key  of  which  is  to  be 
kept  among  those  of  the  magazine.     A  perforated  disk  or 
strainer  is  to  be  secured  inside  of  the  hole,  at  the  upper  part 
of  the  magazine,  for  the  waste-pipe;  the  delivery-pipes  an* 
trapped  to  prevent  vermin  or  vapor  entering. 

1193.  LIGHTING  THE  MAGAZINE.  —  The  magazine  is  to 
be  lighted  by  means  of  one  regulation  lantern,  to  correspond 
Avith  each  alley  of  the  magazine-room,  placed  in  a  box  ar- 
ranged for  the  purpose,  R  (Fig-  344). 

The  lantern  is  fitted  to  hold  a  regulation  candle  of  large 
diameter.  The  box,  of  which  a  portion  of  the  magazine- 
bulkhead  forms  a  part,  is  lined  internally  with  soldered 
sheets  of  copper.  The  entrance  to  it  is  at  the  top,  through 
a  scuttle  in  the  deck  large  enough  to  admit  the  lantern. 
For  single-decked  vessels  this  scuttle  may  be  surrounded  by 
a  composition  covering  pierced  with  holes  one-fourth  of  an 
inch  in  diameter,  on  the  forward  and  after  sides,  near  the 
top.  The  cover  must  be  so  arranged  that,  when  placed  on 
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in  one  position,  all  the  holes  will  be  closed ;  by  turning  it 
half  round,  they  are  all  open,  thus  supplying  air  to  the  lan- 
tern and  carrying  off  the  smoke.  A  small  dome  or  reversed 
funnel  of  copper,  when  it  can  be  conveniently  done,  is  to  be 
placed  above  the  lantern  and  fitted  with  a  pipe  of  the  same 
metal  to  convey  the  smoke  off.  This  pipe  may  pass  up 
through  the  covering  of  the  light-box,  which  is  to  have  a 
plug-hole  lined  with  brass  for  the  purpose,  and  then  led 
farther,  if  necessary,  taking  care,  however,  to  consult  per- 
fect safety  throughout. 


13      0      I [f      i      1ST    "IT 

Fie;.  ;U4.  —  Section  on  A  E,  Fig.  342. 

The  admission  of  air  to  the  light-box  may  be  from  the 
division  of  the  hold  in  which  it  is  placed,  by  small  holes 
near  its  top,  through  its  side  or  back,  protected  with  copper- 
wire  gauze  inside  and  outside  of  the  box. 


Fir,.  .'545.  —  Section  on  F  L,  Fi 


In  the  portion  o  the  magazine-bulkhead  before  alluded 
to,  and  so  as  to  throw  as  much  light  as  possible  into  the  mag- 
azine-room, an  opening  with  great  bevelling  is  cut,  which  is 
covered  by  two  plain  glasses  of  suitable  thickness,  somewhat 
separated  from  each  other,  one  of  which,  W  (Fig.  345),  that 
next  to  the  lantern,  must  be  permanently  fixed ;  and  the 
other,  that  next  to  the  magazine,  X,  is  to  be  let  into  a  wooden 
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frame  so  that  it  may  be  easily  removed,  and  thus  both 
glasses  cleaned  with  convenience  and  safety.  These  glasses 
are  held  in  place  by  brass  screws,  after  being  closely  fitted, 
having  their  edges  made  perfectly  tight. 

1194.  STOWING  THE  MAGAZINE.  —  Ledges  on  the  shelves, 
or  a  bar  of  wood  (Fig.  344),  to  ship  and  unship  with  facility, 
will  be  provided  for  each  tier  of  tanks  on  both  sides  of  the 
alleys,  to  secure  them  from  getting  out  of  place  when  the 
ship  rolls. 

The  powder-tanks  containing  charges  for  each  class  of 
guns  are  stored  on  their  sides  with  the  lids  next  to  the  alleys 
and  hinges  down,  near  the  magazine-scuttles  through  which 
these  charges  are  delivered.  When  tanks  are  emptied  they 

are  stowed  on  the  upper 
shelves  in  order  that 
the  powder  may  be 
kept  as  much  as  possi- 
ble below  the  water- 
line. 

Before  the  tanks 
are  filled  they  must 
be  thoroughly  cleaned, 
and  before  stowing 
them  in  the  magazine 
the  exteriors  are  care- 
fully cleaned  and  the 
lids  examined. 

1195.  POWDER- 
TANKS.  —  The  powder- 
tanks,  for  the  reception 
and  safe  storage  of  the 
powder  on  board  ship, 
are  rectangular  metal- 
lic cases,  the  sides  and 
bottom  being  of  sheet- 
copper,  zinc-coated,  and 
the  top  of  composition. 
They  have  a  circular 
hole  or  opening  in  the  top,  which  is  closed  by  a  composition 
lid  on  hinges,  c  (Fig.  346),  and  made  water-tight  by  means 
of  a  rubber-gasket  inserted  in  an  annular  groove  on  the 
lower  side  of  the  lid,  shutting  down  upon  a  knife-edge  around 
the  opening,  and  when  closed  is  retained  in  place  by  a  screw- 
bolt  fitted  in  the  lid  opposite  the  hinges.  There  is  also  a 


FIG.  346. 
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circular  copper  disk,  or  cover,  A,  fitting  over  the  charges, 
inside  the  composition  lid.  On  the  same  end  are  two  handles 
for  transporting  the  tank. 

All  tanks  before  issue  should  be  thoroughly  tested,  to  see 
that  they  are  water-tight.  This  is  done  by  immersing  them 
in  water  six  feet  in  depth  for  twenty-four  hours. 

They  are  made  of  four  sizes,  and  are  denominated  as  200- 
lb.,  150-lb.,  100-lb.,  and  50-lb.  tanks  respectively,  this  being 
their  capacity  for  powder  in  grain ;  but  the  200-pound  tank 
is  considered  the  standard  size  for  service,  the  others  being 
used  only  in  exceptional  cases,  and  to  fill  up  small  vacant 
spaces. 


FIG.  347. 

1196.  THE  SYSTEM  OF  MARKING  POWDER-TANKS  is  as 
follows :  The  lid  end  is  painted  white,  and  is  marked  with 
the  weight  of  cartridge,  number  of  cartridges,  and  calibre 
of  gun  for  which  they  are  intended,  thus :  the  lower  part  of 
the  lid  end,  as  the  tank  lies  in  the  rack,  is  marked  with  the 
number  of  charges  contained  (Fig.  347).  The  upper  right- 
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hand  corner  is  marked  with  the  number  of  pounds  in  each 
charge.  The  upper  left-hand  corner  of  tanks  for  supplying 
the  battery  is  marked  with  the  calibre  of  the  gun  for  which 
the  contents  is  intended,  and  the  calibre  is  also  marked  in 
red  on  the  lid,  in  large  Roman  numerals,  for  all  smooth-bore 
guns. 

They  are  marked  on  their  upper  sides,  next  the  lid  end, 
with  the  name  of  the  manufacturer,  kind  of  powder,  initial 
velocity,  density,  pressure,  and  date  of  manufacture. 

And  in  order  to  distinguish  more  readily  those  tanks  con- 
taining "  Service,"  "  Saluting,"  "  Torpedo,"  or  other  charges 
from  each  other,  the  following  plan  of  painting  the  lids  has 
been  adopted:  Tanks  containing  saluting-charges  have  one 
half  of  the  lid  painted  red,  and  "  Saluting "  is  marked  on 
the  other  half. 

Tanks  containing  shell-charges  have  a  red  circle  painted 
on  the  lid,  and  inside  the  circle  is  marked  "  Shell." 

Tanks  containing  powder  for  torpedoes  are  marked  on  the 
upper  left-hand  corner  of  the  lid-end  "Torpedo,"  and  on 
the  lid  is  marked  in  red  a  large  letter  T.  Powder  for  torpe- 
does is  put  in  cartridge-bags  properly  stencilled. 

Tanks  containing  howitzer-charges  are  marked  on  the 
upper  left-hand  corner  of  the  lid  end  "  Howitzer,"  and  on 
the  lid  is  painted  in  red  a  large  letter  H. 

Tanks  containing  shell-powder  have  a  large  letter  S 
painted  in  red  on  the  lid.  This  kind  of  powder  is  put  up  in 
any  convenient  size  of  bag  which  will  make  the  best  storage, 
the  bags  being  properly  stencilled. 

Tanks  containing  rifle-charges,  beside  having  the  calibre 
marked  on  the  upper  left-hand  corner  of  the  lid  end,  have 
also  on  the  lid  a  large  letter  R,  painted  in  red. 

A  history  of  the  powder  contained  in  each  is  to  be 
pasted  or  stencilled  on  the  inside  of  the  tank-lid. 

No  loose  powder  is  ever  to  be  taken  or  carried  on  board 
ship. 

1197.  SERVICE  OF  THE  MAGAZINE.  —  Whenever  the 
magazines  are  opened,  every  precaution  is  to  be  taken  to 
guard  against  accident  by  fire ;  to  examine  that  all  the  men 
stationed  in  any  way,  in  or  about  the  magazine,  embracing 
all  stationed  within  the  magazine-screen,  put  on  the  maga- 
zine dress  and  shoes,  and  on  no  account  have  any  thing 
metallic  about  them,  and  that  no  improper  articles  are  intro- 
duced ;  and  to  see  that  all  the  articles  required  for  SAveeping 
and  removing  loose  powder  are  at  hand,  and  that  these  opera- 
tions are  performed  before  the  magazine  is  closed. 
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The  tanks  are  never  to  be  opened  unless  by  special  order, 
or  when  powder  is  actually  required  for  service,  and  then  no 
more  of  the  lids  are  to  be  unscrewed  than  the  immediate 
supply  necessitates.  The  strictest  attention  to  this  is  re- 
quired, as  experience  has  proved  that  the  preservation  of  the 
powder  in  good  condition  depends  upon  the  entire  exclusion 
of  damp  air. 

No  coopering  is  ever  to  be  done  in  the  magazines  of  ships. 
Should  powder  be  received  on  board  in  barrels,  the  hoops 
and  heads  must  be  started  on  the  orlop,  or  berth-deck,  before 
entering  the  magazine. 

1198.  DAMPNESS   OF  MAGAZINE.  —  Sponge  dipped  in  a 
solution  of  salt  water,  dried  and  weighed,  is  a  means  of  as- 
certaining if  dampness  exists  in  these  places.     If  it  becomes 
heavier  the  magazine  is  damp. 

VENTILATION.  —  Provision  must  be  made  by  means  of 
grating-hatches  for  sufficient  ventilation  in  action,  to  supply 
the  men  with  fresh  air,  and  allow  the  dampness  caused  by 
perspiration  to  pass  off;  and  fan-blowers  are  to  be  fitted  to 
increase  the  supply  of  fresh  air,  and  to  assist  the  ventilation. 
The  magazine  should  be  opened  and  aired  at  least  once  a 
fortnight,  for  a  few  hours,  on  bright,  clear  days. 

1199.  MAGAZINE-SCKEENS.  —  They   are    made   of    thick 
fearnaught   or   double-baize,  with   holes    through  which   to 
pass  the  powder;  these  holes  to  be  covered  with  flaps  of  the 
same  material.     One  screen  is  to  be  hung  abaft,  and  another 
forward  of  the  magazine  passing-hatch,  and  scuttles  in  sloops- 
of-war ;  in  frigates,  one  is  usually  hung  abaft  the  fore,  and 
one  forward  of  the  after-magazine  scuttle ;  but  as  ships  are 
differently  arranged,  two   to  each  magazine  are  allowed,  if 
they  are  necessary. 

1200.  TRANSPORTATION  OF  POWDER.  —  Barrels  of  pow- 
der should  not  be  rolled  for  transportation ;  they  should  be 
carried  in  hand-barrows,  or  slings  made  of  rope  or  leather. 
In  moving  powder  in  the  magazine,  a  cloth  or  carpet  should 
be  spread ;  all  the  implements  used  there  should  be  of  wood 
or  copper,  and  the  barrels  should  never  be  repaired  in  the 
magazine. 

When  it  is  necessary  to  roll  the  powder  for  its  better  pres- 
ervation, and  to  prevent  its  caking,  it  should  be  done  with 
a  small  quantity  at  a  time,  on  boards  in  the  magazine-yard. 

In  wagons,  barrels  of  powder  must  be  packed  in  straw, 
secured  in  such  a  manner  as  not  to  rub  against  each  other, 
and  the  load  covered  with  thick  canvas.  In  transportation 
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by  railroad,  each  barrel  should  be  carefully  boxed,  and  packed 
so  as  to  avoid  all  friction.  The  barrels  should  have  a  thick 
tarpaulin  under  them.  The  cars  should  have  springs  similar 
to  those  of  passenger-cars. 

1201.  Vessels  of  war  always  receive  their  powder  and 
loaded  shell  in  the  stream. 

When  receiving  powder  the  red  flag  is  always  to  be 
hoisted  at  the  fore,  and  all  proper  precaution  taken  to  guard 
against  accidents  from  fires  and  lights.  The  tanks  should  be 
passed  through  the  ports  most  convenient  to  the  magazines, 
and  landed  on  mats  to  prevent  injury. 

The  red  flag  is  always  to  be  hoisted  at  the  powder-houses 
when  they  are  open,  and  kept  flying  until  they  are  closed. 

The  wharf  or  landing-place  must  be  spread  with  old  can- 
vas, so  that  the  barrels  or  tanks  may  not  come  in  contact 
with,  and  convey,  sand  or  gravel  to  the  magazines. 

When  avoidable,  gunpowder  is  not  to  be  sent  from  vessels 
to  powder-houses,  nor  from  powder-houses  to  vessels,  in  wet 
weather,  nor  when  there  is  a  probability  of  wetting  the 
barrels  or  tanks ;  and  the  packages  must  be  conveyed  in 
covered  boats  or  wagons  showing  a  red  flag. 

The  powder-boat,  before  being  used,  must  be  swept  thor- 
oughly clean,  and  the  bottom  covered  with  mats. 

Before  shipping  powder  by  a  vessel,  the  hold  must  be  ex- 
amined to  see  that  all  iron  bolt-heads,  etc.,  are  covered  with 
sheet-lead,  leather  or  old  canvas ;  that  the  hold  is  clean 
swept  and  free  from  grit  or  dust. 

A  cushion  (stuffed  with  oakum)  covered  with  leather  is 
to  be  used  for  landing  all  powder  barrels  or  tanks  upon, 
whether  in  the  hold  of  a  vessel  or  on  a  wharf,  when  loading 
or  discharging  powder. 


CHAPTER  IX. 

PYROTECHNY. 

Section  I.  —  Materials* 

1202.  DEFINITION.  —  Pyrotechny  is  the  art  of  preparing 
ammunition  and  fireworks  for  military  and  ornamental  pur- 
poses. 

BUILDINGS.  —  To  conduct  the  operations  of  the  labora- 
tory with  safety  and  convenience,  the  following  rooms  are 
necessary,  viz. : 

1st.  Furnace-room,  for  operations  requiring  the  use  of  fire. 

2d.   Cartridge-room,  for  making  all  kinds  of  cartridges. 

3d.  Filling-room,  for  filling  cartridges  with  powder. 

4th.   Composition-room,  for  mixing  compositions. 

5th.  Driving-room,  for  driving  rockets,  fuzes,  etc. 

6th.  Packing-room,  for  putting  up  articles  for  transporta- 
tion. 

7th.   Carpenter's  and  Tinner  s  shop. 

8th.  Magazine,  for  storing  powder  and  ammunition. 

A  laboratory,  like  a  powder-mill,  should  be  situated  apart 
from  inhabited  buildings ;  and  for  convenience  of  communi- 
cation, the  rooms,  with  the  exception  of  the  furnace-room, 
carpenter's  shop,  and  magazine,  should  be  situated  under  one 
roof. 

1203.  FURNACES.  —  A  furnace  is   composed   of   a   cast- 
iron  kettle  2  feet  in  diameter  set  in  a  fireplace  of  brick.     In 
the  field,  sods  may  replace  the  brick,  if  the  latter  cannot  be 
obtained. 

Two  kinds  of  furnaces  are  employed  in  a  laboratory ;  in 
the  first,  the  flame  circulates  around  both  bottom  and  sides 
of  the  kettle  ;  in  the  second,  it  only  comes  in  contact  with 
the  bottom ;  the  latter  is  used  for  compositions,  in  which 
gunpowder  forms  a  part. 

*  Benton's  Ordnance  and  Gunnery. 
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1204.  PRECAUTIONS.  —  To  prevent  accidents  in  the  op- 
erations of  a  laboratory,  avoid  as  much  as  possible  the  use  of 
iron  in  the  construction  of  the  buildings,  fixtures,  etc. ;  sink 
the  heads  of  iron  nails,  if  used,  and  cover  them  with  putty ; 
cover  the  floor  with  oil-cloth  or  carpets,  and  have  it   fre- 
quently swept.     Let  the  workmen  in  the  powder-room  wear 
socks,  and  take  them  off  when  they  go  out.     Keep  no  more 
than  the  requisite  amount  of  powder  in  the  laboratory,  and 
have  the  ammunition  and  finished  work  taken  to  the  maga- 
zine.    Let  powder-barrels  be  carried  in  hand-barrows  made 
with  leather,  or  with  slings  of  rope  or  canvas,  and  the  ammu- 
nition in  boxes.     Let  every  thing  that  is  to  be  moved  be 
lifted,  not  dragged  or  rolled  on  the  floor.     Never  drive  rock- 
ets, port-fires,  etc.,  in  a  room  where  there  is  any  powder  or 
composition  except  that  used  at  the  time.     Never  enter  the 
laboratory  at  night,  unless  it  is  indispensable,  and  then  use  a 
close  lantern,  or  wax  or  oil  light  well  trimmed.     Allow  no 
tobacco  to  be  smoked,  nor  friction-matches  to  be  carried  in 
or  around  the  laboratory. 

1205.  MATERIALS.  —  Laboratory   materials    may  be    di- 
vided into  four  classes,  viz. : 

1st.  Those  for  producing  light,  heat,  and  explosion. 

2d.  Those  for  coloring  flames  and  producing  brilliant 
sparks. 

3d.  Those  used  in  preparing  compositions. 

4th.  Those  used  in  making  cartridge  bags,  cases,  etc. 

1st  Class.  —  Nitre.  —  For  laboratory  use,  nitre  must  be 
reduced  to  a  fine  powder  or  very  minute  crystals.  It  is  best 
pulverized  in  rolling-barrels  at  the  powder-mills,  but  it  may 
be  pulverized  by  hand,  in  the  laboratory,  with  a  rolling-bar- 
rel, or  by  pounding  in  a  brass  mortar,  or  by  stirring  a  crys- 
tallizing solution. 

Chlorate  of  Potassa.  —  Chlorate  of  potassa  is  formed 
by  passing  a  current  of  chlorine,  in  excess,  through  lime- 
water,  and  then  treating  the  mixture  with  the  chloride  of 
potassium,  or  the  carbonate  or  sulphate  of  potassa.  Chlo- 
rate of  potassa  and  chloride  of  calcium  are  formed ;  the 
former  crystallizes,  the  latter  remains  in  solution.  It  is  solu- 
ble in  water,  but  not  sensibly  so  in  alcohol.  As  before  stated, 
it  is  a  more  powerful  oxidizing  agent  than  nitre ;  and  when 
mixed  with  a  combustible  body,  easily  explodes  by  shock  or 
friction.  It  is  inflamed  by  simple  contact  with  sulphuric 
acid,  and  thus  affords  a  simple  means  of  exploding  mines. 

A  convenient  form  of  apparatus  for  this  purpose  is  a  glass 


PYROTECHNY.  611 

vessel  with  two  compartments ;  one  containing  sulphuric 
acid,  and  the  other  chlorate  of  potassa  and  gunpowder.  It 
is  placed  n^ar  the  surface  of  the  ground,  and  when  broken 
under  the  feet  of  the  enemy,  the  two  substances  are  brought 
in  contact,  producing  fire,  which  explodes  the  mine. 

1206.  Charcoal.  —  For  laboratory  use,    charcoal   may  be 
made    by  charring  wood   in   an   iron   kettle   buried   in   the 
ground.     It  may  be  pulverized  lay  rolling  in  a  barrel  with 
bronze  balls,  or  by  beating  in  a  leather  bag  with  a  maul.     It 
should  be  kept  in  close  barrels  in  a  dry  place. 

1207.  /Sulphur. — When  melted  sulphur  is  to   be   used, 
care  must  be  taken  that  it  does  not  become  thick,  which 
occurs  at  about  400°.     It  may  be  pulverized  in   a  rolling- 
barrel,  or  by  being  pounded  in  a  mortar  and  sifted.     Roll- 
brimstone   is  better  for   melting   than   flowers    of    sulphur. 
When  flowers  of  sulphur  are  to  be  mixed  with  chlorate  of 
potassa,  it  should  be  washed  to  remove  the  free  sulphuric 
acid.     Sulphur  hastens  the  combustion   of   compositions  to 
which  it  is  added. 

1208.  Antimony.  —  Antimony,  or  regulus  of  antimony,  is 
a  grayish-white  metal,  easily  reduced  to  a  powder,  and  by  its 
combustion  with  sulphur  produces  strong  light  and  heat ;  the 
color  of  the  flame  is  a  faint  blue. 

1209.  /Sulphuret  of  Antimony.  —  Sulphuret  of  antimony 
is  mixed  with  inflammable  substances  to  render  them  more 
easily  ignited  by  flame  or  friction. 

1210.  Gunpowder.  -—  For  compositions,  gunpowder  is  pul- 
verized, or  mealed,  by  the  rolling-barrel,  or  by  grinding  with 
a  muller  on  a  mealing-table,  or  by  beating  in  a  leather  bag. 
The  simple  incorporation  of  the  ingredients  of  gunpowder 
does  not  answer  the  desired  purpose. 

1211.  Lampblack.  —  Lampblack  is  the  result  of  the   in- 
complete combustion  of  resinous  substances.     It  is  composed 
of  about  80  parts  of  carbon  and  20  of  impurities.     It  is  em- 
ployed to  quicken  the  combustion  of  certain  mixtures ;  but 
before  it  is  used,  it  should  be  washed  with  a  strong  alkaline 
solution,  to  remove  all  traces  of  empyreumatic  oil. 

1212.  2d  Class.  —  Coloring  Materials.  —  A  flame  is  colored 
by   introducing   into    the    composition   which    produces    it 
a   substance  the    particles   of  which,  on  being  interspersed 
through  the  flame,  and  heated  to  the  incandescent  state,  give 
it  the  required  color.     Coloring  substances  do  not  generally 
take  part  in  the  combustion,  and  their  presence  more  or  less 
retards  it;  it  is  for  this  reason  that  chlorate  of  potassa,  a 
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more  powerful  oxidizing  agent  than  nitre,  is  used  in  lieu  of 
it,  in  compositions  for  colored  fires. 

1213.  Colors.  —  There  are  a  great  variety  of  substances 
which  give  color  to  flames,  the  principal  of  which  are  nitrate 
and  sulphate  of  strontium,  and  chloride  of  strontium,  for  red ; 
the  nitrate  of  barium,  for  green ;  the  bicarbonate  of  soda*>  for 
yellow;   the    sulphate,   carbonate,  and   acetate  of  copper,  for 
blue.     Lampblack  is  employed  to  give  a  train  of  rose-colored 
fire  in  the  air ;  powdered  flint-glass,  for  white  flames ;   and 
oxide  of  zinc,  for  blue  flames. 

1214.  Sparks.  —  Brilliant  sparks  are  produced  by  intro- 
ducing into  the  composition  filings  or  thin  chips  of  either 
wrought-iron,   cast-iron,  steel,  or  copper,  or  by  fragments  of 
charcoal;  the  effect  depends  upon  the  size  of  the  particles 
introduced.     The  particles  should   be   freshly  prepared,  or 
should  have  been  well  preserved  from  rust. 

1215.  3d   Class.  —  Preparing    Compositions.  —  Turpentine 
is  the  substance  which  exudes  from  the  freshly  cut  surface 
of  a  pine-tree  in  warm  weather.     The  first  year's  running  is 
called  virgin,  or  white,  turpentine;  after  this  it  becomes  more 
hard  and  yellow. 

1216.  Spirits   of  Turpentine.  —  This   is   the    essential   oil 
obtained  by  distilling  native  turpentine. 

1217.  Rosin.  —  This  substance  is  sometimes  called  colo- 
phony, and  is  the  residuum  of  the  distillation  of  turpentine. 

1218.  Tar.  —  Tar  is  a  semi-fluid  substance,  obtained  from 
the  heart  of  the  pine-tree  by  a  smothered  combustion,  as  in 
charcoal-pits. 

1219.  Pitch.  —  Pitch  is  obtained  by  boiling  down  tar  to 
the  requisite  consistency,  either  by  itself  or  combined  with  a 
portion  of  rosin ;  it  becomes  solid  on  cooling,  but  is  softened 
by  the  heat  of  the  hand. 

1220.  Venice  Turpentine.  —  Venice  turpentine  is  obtained 
from  the  larch ;  but  what  is  commonly  known  by  that  name 
is   a   compound   of  melted   rosin   and  spirits  of  turpentine. 
The  foregoing  substances  are  chiefly  employed  in  the  prepa- 
ration of  compositions  for  producing  light. 

1221.  Alcohol,  etc.  —  Alcohol   (spirits   of    wine),    brandy, 
whiskey,  or  vinegar,  is  used  for  mixing  compositions  in  which 
nitre  enters,  because  this  salt  is  but  slightly  soluble  in  these 
liquids. 

1222.  Gum-arabic.  —  Gum-arabic  in  solution  is  employed 
to  give  body  to  certain  compositions.     It  retards  combustion ; 
and  as  the  solution  is  liable  to  spontaneous  decomposition,  it 
should  only  be  prepared  as  wanted. 
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1223.  Beeswax  and  Mutton-tallow  are  employed  chiefly  in 
mixing  compositions  intended  to  produce  heat  and  light. 

1224.  4th   Class.  —  Preparing   Cartridges,  etc.  —  The  ma- 
terial of  which  cartridge-bags  are  made  is  woven  expressly 
for  the  purpose.      The    color  is  white,  and   the    calibre   of 
the  gun  and  the  weight   of  the  charge  must  be  stencilled 
on   the  bag  in  figures  two  and  a  half  inches  long.     When 
procured  of  necessity  elsewhere,  the  stuff  should  be  chosen 
of  wool  entirely  free  from  any  mixture  of  thread  or  cotton, 
and  of  sufficiently  close  texture  to  prevent  the  finer  powder 
from  sifting  through.     Wild-boar,  satinet,  merino,  and  bom- 
bazette  are  named  as  proper  materials  for  cartridge-bags ;  of 
these  the  thinnest  stuff,  not  twilled,  but  having  the  requisite 
strength  and  closeness  of  texture,  is  the  best.     Fabrics  of 
cotton    and    flax    are  not   used,   because   the   powder   sifts 
through  them,  and  they  are  more  apt  to  leave  fire  in  the  gun 
than  woollen  stuffs. 

1225.  COMPOSITIONS.  —  The  term  composition  is  applied 
to  all  mechanical  mixtures  which  by  combustion  produce  the 
effects  sought  to  be  attained  in  pyrotechny.     If  these  compo- 
sitions be  examined,  it  will  be  found  that  many  of  them  are 
derived  from  gunpowder,  by  an  admixture  of  sulphur  and 
nitre,  in  proportions  to  suit  the  required  end. 

1226.  Preparation,  —  Compositions  are  prepared  in  a  dry 
or  liquid  form  ;  in  either  case  it  is  necessary  that  the  ingredi- 
ents should  be  pure  and  thoroughly  mixed. 

1227.  For  dry  compositions,  the  ingredients  are  pulverized 
separately,  on  a  mealing-table,  with  a  wooden  muller ;  they 
are  then  weighed  and  mixed  with  the  hands,  and  afterwards 
passed  three  times  through  a  wire  sieve  of  a  certain  fineness. 
When    a   highly   oxidizing   substance,   as    the    chlorate    of 
potassa,  is  present,  great  care  must  be  observed  in  mixing  to 
avoid  friction  or  blows  which  might  lead  to  an    explosion. 
When    coarse    charcoal   or  metals   in  grains  are  used,  they 
should  be  added  after  the  other  ingredients  have  been  mixed 
and  sifted. 

1228.  For  the  liquid  form.  —  When  it  becomes  necessary 
to  use  fire  to  melt  the  ingredients,  the  greatest  precaution  is 
necessary  to  prevent  accident,  especially  when   gunpowder 
enters.     The  dry  parts  of  the  composition  may  be  generally 
mixed   together  first,  and   put   by  degrees   into  the  kettle, 
when   the    other  ingredients  are  fluid,  stirring  well  all  the 
time.     When  the  dry  ingredients  are  very  inflammable,  the 
kettle  must  not  only  be  taken  from  the  fire,  but  the  bottom 
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FIG.  348. 


must  be  dipped  in  water,  to  prevent  the  possibility  of  acci- 
dents. 

1229.  FORM.  —  To  give  a  portable  form  to  compositions, 
they  are   enclosed  in  cases,  cast  in   molds,  or  attached   to 
cotton-yarn,  rope,  etc. 

1230.  CASES.  —  Cases   are   generally  paper  tubes,  made 
by  covering  one  side  of  a  sheet  of  paper  with  paste,  or  gum- 
arabic,  wrapping  it  around  a  for- 
mer, and  rolling  it  under  a  flat 
surface  until  all  the  layers  ad- 
here to  each  other.     The  quality 
of  the  paper  and  the  thickness 
of  the  sides  of  the  case  should 
depend  upon  the  pressure  of  the 
gases   evolved   in   the   burning. 
(Fig.  348.) 

1231.  Filling.  —  To  fill  a  case,  it  is  first  cut  to  the  proper 
length   and   placed   in    a    mold;    the    composition   is   then 
poured  in,  a  ladleful  at  a  time,  and  each  ladleful  is  packed 
by  striking  a  certain  number  of  blows  on  a  drift  with  a  mal- 
let of  a  given  weight.     The  height  of  each  ladleful  of  com- 
position should  be  about  equal  to  a  single  diameter  of  the 
bore  of  the  case. 

1232.  Drifts,  etc.  —  Small   drifts   receiving   heavy  blows 
should  be  made  of  steel,  and  tipped  with  bronze  (Fig.  349)  ; 
large    drifts    may   be    made    of 

wood  or  bronze,  depending  on 
the  force  of  the  blow.  In  driv- 
ing highly  inflammable  compo- 
sitions, as  that  of  the  rocket, 
care  should  be  taken  to  settle 
the  drift  so  as  to  exclude  the  air  before  striking  with  the 
mallet,  as  the  heat  generated  by  the  sudden  condensation  of 
air  might  be  sufficient  to  ignite  the  composition. 

Preliminary  tests  of  all  new  materials  should  be  made  by 
burning  one  or  more  specimens  of  the  composition,  and  the 
proportions  of  the  ingredients  corrected,  if  necessary. 

1233.  Vent.  —  The  length  of  the  flame  from  a  given  com- 
position depends  on  the  size  of  the  vent  and  the  extent  of 
the  burning-surface.     The  vent  is  made  small  by  choking  the 
end  of  the  case  with  stout  twine  ;  and  the  burning-surface  is 
increased  by  driving  the  composition  around  a  spindle  which, 
on  being  withdrawn,  leaves  a  conical-shaped  cavity.     A  vent 

be  also  formed  by  driving  in  moist  plaster  of  Paris  or 
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clay,  and  boring  a  hole  in  it  with  a  gimlet.     If  the  end  of 
the  case  is  to  be  closed  up  entirely,  the  boring  is  omitted. 

Section  II.  —  Means  of  Firing  Cannon. 

1234.  PRIMERS.  —  One  of  the  most  important  subjects  to 
be  considered  in  connection  with  the  efficiency  of  the  ship's 
battery,  is  that  of  providing  a  simple  and  efficient  means  of 
discharging  the  guns  instantaneously  and  with  certainty  ;  to 
this  end  numerous  contrivances  and  inventions  have   been 
suggested  and  tried. 

Percussion  and  friction  primers  are  now  used  in  the  ser- 
vice, although  electric  primers,  tubes,  port-fire,  and  slow- 
match  are  manufactured,  and  may  be  used  in  special  cases. 

1235.  PERCUSSION-PRIMERS.  —  The  percussion-primer  has 
a  wafer  or  flat-head  attached  to  a  quill-barrel.     The  process 
usually  observed  in  selecting  the  material  and  manufacturing 
the  primers  is  as  follows : 

Each  quill  must  be  clarified  and  furnish  a  barrel  at  least 
two  and  a  half  inches  long.     The  barrel  is  to  be  round,  free 
from  flaws,  pith,  and  brittleness  occasioned  by  clarifying,  or 
any  other  defect  which  may  render  it  unfit 
for  the  purpose  required.     (Flatness  of  the 
quill-barrel  will  subject  it  to  be  rejected  at     .     A 
the  discretion  of  the  Inspecting  Officer.)    It 
must  not  exceed  in  diameter  nineteen-hun- 
dredths  of  an  inch  at  any  part,  nor  be  less 
than  seventeen-hundredths  of  an  inch,  with- 
in one  and  one-half  inches  of  the  end  that  is 
cut  from  the  quill.      The  small  end  must 
not  be  broken  or  bruised. 

1236.  Fabrication.  —  Cut  the  barrels  of 
the  quills  close  from  the  feather,  and  insert 
them  into  the  socket  of  a  wooden  block  made 
two  inches  deep  and  two-tenths  of  an  inch 
in  diameter. 

A  punch,  having  ten  .cutters  radiating 
from  the  stem,  is  entered  into  each  quill- 
barrel,  and  driven  down  with  a  smart  tap, 
so  as  to  slit  the  upper  end  of  the  barrel  into 
ten  prongs,  and  as  far  as  the  upper  surface  FIG.  sso. 

of  the  block  permits.     (Fig.  350.)     Turn 
back  the  prongs,  so  that  they  will  lie  on  the  surface  of  the 
block ;  a  circular  punch  is  applied  to  each,  and  made  by  a 
blow  to  cut  off  the  prongs  to  its  own  diameter  (0.52  inch). 
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1237.  Very  stout  paper,  previously  prepared  by  two  coats 
of  shellac-varnish  (gumlac  dissolved  in  alcohol),  is  punched 
with  holes  0.17  inch  in  diameter,  and  so  arranged  as  to  cor- 
respond with  the  sockets  of  the  wooden  block.     The  quill- 
barrels  are  freed  from  pith,  the  punched  paper  laid  on  the 
block,  the  holes  corresponding  and  the  varnished  side  up, 
the  quill-barrels  put  through  the  paper  into  the  sockets  of  the 
block,  rilled  with  grained  powder,  seven  grains  Troy,  and 
pressed  firmly  down  with  their  prongs  flat  on  the  varnished 
side  of  the  sheet  of  stout  paper. 

1238.  Brush  the  shellac-varnish  over  the  spaces  of  paper 
between  the  heads  of  the  quill-barrels,  and  spread  a  sheet  of 
good  writing-paper,  slightly  moistened  with  water,  over  the 
entire  surface  of  the  stout  sheet  and  the  prongs  of  the  quills. 
Put  the  block  and  the  sheets  thus  stuck  together,  with  the 
quill  prongs  between  them,  into  a  press,  apply  a  force   of 
about  thirty  tons,  and  keep  them  long  enough  to  set  the 
prongs  and  make  the  sheets  of  paper  adhere  firmly. 

1239.  Each  quill  is  separated  from  the  card  by  means  of 
a  circular  punch,  which  cuts  out  a  disk  0.62  inch  in  diameter, 
and  of  course  includes  the  prongs  enclosed  between  them. 
A  stellated  disk  to  cover  the  head  of  the  primer  is  punched 
out  of  linen-made  paper  of  the  finest  and  closest  fabric.    This 
disk  has  twelve  points  —  diameter  from  exterior  points,  1.25 
inches,   from   interior  0.7  inch.     Metal  plates  are   at   hand 
with  superficial  recesses  about  0.65  inches  in  diameter.     On 
each  of  these  a  stellated  cover  is  placed,  and  four  grains  of 
fulminate  deposited  on  it.     This  is  composed  of  five  parts 
of  fulminating  mercury  and  one  of  mealed  powder,  both  dry. 
Place  the  head  of  the  primer  on  the  charge  of  fulminate, 
holding  it  by  the  quill-barrel  and  pressing  it  down  firmly  ; 
brush  good  wheat-paste  on  the  points  of  the  cover  and  on 
the  under  surface  of  the  head,  turn  the  points   over,  and 
unite  them  neatly  and  closely  on  the  paper  head. 

1240.  The  primer  is  now  made  and  only  requires  to  be 
protected  from  moisture.     For  this  purpose,  shellac  is  dis- 
solved in  alcohol,  so  as  to  be  thin  enough  to  be  laid  on  with 
a  brush.     This  is  of  a  brownish  yellow ;    a  portion  is  pre- 
pared with  lampblack.     Coat  over  the  quill-barrel  with  shel- 
lac, then  the  under  side  of  the  wafer  with  the  black  shellac- 
varnish.    Then  shellac  the  upper  surface  of  the  wafer.     Tip 
the  end  of  the  quill-barrel  with  black  varnish,  and  apply  a 
second  coat  of  uncolored  shellac  thickly  about  the  primer. 
(Fig.  351.) 
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FIG.  351. 


1241.  The  primers,  being  put  in  tin  boxes  made  to  hold 
h'fty  of  them,  are  ready  for  inspection.  After  which  the  lids 
are  coated  with  shellac  to  exclude  moisture,  until  wanted  for 
immediate  use.  These  boxes  are  intended  to  fit 
in  and  form  a  lining  to  the  primer-boxes  which 
slip  on  the  waist-belts  worn  by  the  gun  captains. 

1242.  When  primers  have  been  returned  from 
cruising  ships,  or  have  remained  in  store  for  one 
or  more  years,  they  must  be  tested  by  firing  five 
per  cent,  of  the  number,  and  not  issued  again 
without  special  orders. 

1243.  FRICTION-PRIMERS.  —  The  friction-pri- 
mer for  cannon  is  a  small  brass  tube  li  inches  in 
length,  and  0.19  inch  in  diameter,  filled  with  fine- 
grained 'powder,  which  is  ignited  by  drawing  a 
rough  wire  briskly  through  friction  composition 
contained  in  a  smaller  tube  inserted  into  the  first 
near  the  top,  and  soldered  at  right  angles  to  it. 

The  short  tube  is  0.44  inch  long,  and  0.15  inch 
in  diameter.  The  wire  is  3.4  inches  long,  of  brass, 
annealed,  the  end  in  the  small  tube  flattened,  and  fitted  with 
dentated  edges,  a;  while  the  other  end  is  doubled  on  itself 
and  twisted,  leaving  a  loop  0.2 
inch  in  diameter,  and  then 
bent  alongside  the  long  tube 
for  packing.  (Fig.  352.) 

1244.  Friction   Composition. 
—  This  is  made  of  two  parts 
of  the  sulphuret  of  antimony 
and  one  part   of  the   chlorate 
of     potassa     moistened     with 
gummed   water,   50   grains    of 
gum-arabic   in   two    ounces   of 
water  to  one  pound  of  compo- 
sition.    The  materials  are  first  pulverized  separately,  mixed 
together  dry,  moistened  with  gum-water,  and  ground  in  an 
iron  mill  such  as  is  used  for  grinding  paint. 

Friction-primers  are  packed  in  tin  boxes  in  the  same  man- 
ner as  percussion-primers. 

1245.  In    case    either   lock    or   percussion-primer   should 
entirely  fail,  recourse  will  be  had  to  the  friction-primer.     In 
using  them,  the  gun  captain,  after  taking  the  primer  from 
the  box,  will  raise  the  twisted  wire  loop  until  it  is  on  a  line 
with  the  spur;  place  the   tube  in  the  vent  with  the  spur 
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towards  the  muzzle  of  the  gun,  then  hook  the  laniard  into 
the  raised  loop,  and  pull  it,  when  otherwise  ready  to  fire  the 
gun,  as  though  it  were  a  lock-string,  using,  however,  a  less 
degree  of  force.  The  laniard  may  be  hooked  to  the  loop 
before  the  tube  is  put  into  the  vent. 

The  allowance  of  friction-primers  is  fifty  to  each  gun  on 
board  ship. 

1246.  QUILL  FRICTION-PRIMER. —  These  are  quill  tubes 
with  a  second  smaller  quill  tube  inside  at  the  upper  end. 
Inside  the  inner  tube  are  two  wires,  and  the  top  is  closed  with 
a  small  wooden  plug.  The  outer  tube  is  about  2.3  inches 
long,  and  must  pass  the  same  inspection  as  quills  for  percus- 
sion-primers (^|  1235.)  The  inner  tube  is  about  1.3  inches 
long,  and  is  filled  with  composition  of  two  parts  of  sulphuret 
of  antimony  and  one  part  of  potassic '  chlonlte  moistened 
with  gum-water.  The  materials  are  first  pulverized  separ- 
ately mixed  together 
dry,  moistened  with 
the  gum-water,  and 
ground  in  an  iron 
mill  such  as  is  used 
for  grinding  paint. 

The  two  wires 
are  inserted  in  the 
smaller  tube  through 
two  holes  opposite  to 
each  other  about  .25 
inch  from  the  top, 
the  tube  being  then 
filled  with  the  fric- 
tion composition. 
This  tube  and  wires 
are  then  inserted  in 
the  larger  quill,  slits 
being  made  from  the 
top  to  similar  holes  through  which  the  wires  lead.  Both 
wires  are  twisted,  leaving  loops  in  the  outer  ends,  the  longer 
for  the  hook  of  the  laniard,  and  the  shorter  to  go  over  a  pin 
in  front  of  the  vent.  The  top  of  the  tubes  is  closed  with 
a  small  wooden  plug  fitting  down  close  to  the  wires,  and 
outside  there  is  a  cross-frapping  of  fine  wire  above  and  below 
the  twisted  wires,  to  prevent  the  quills  giving  way  when  the 
laniard  is  pulled. 

The  large  quill  is  then  filled  with  fine-grained  powder, 
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and  the  lower  end  closed  with  a  plug  of  wax.  The  head  of 
the  primer  to  below  the  f rapping  is  covered  with  black  shel- 
lac to  exclude  moisture.  The  two  wires  are  not  twisted 
together  inside  the  quills.  '  The  friction  caused  by  drawing 
the  wire  through  the  composition  is  sufficient  to  ignite  the 
primer. 

1247.  SPUR-TUBES. —  These  are  quill  priming-tubes  (Fig. 
354)    filled   with   inflammable    composition,  and  ignited  by 
applying  the  match. 

The  body  of  the  tube  is  filled  with  a  composition  of 
mealed  powder  moistened  with  camphorated  alcohol  until  a 
thick  paste  is  formed  ;  the  compo- 
sition is  introduced  into  the  quill 
by  pressing  its  lower  end  into  the 
paste,  thus  taking  Up  a  portion  of 
it,  and  repeating  the  operation 
until  the  quill  is  filled. 

A  small  wire  is  then  run 
through  the  axis  of  the  tube,  and 
allowed  to  remain  there  until  the 
paste  is  dry,  when  it  is  withdrawn, 
leaving  the  composition  perforated 
throughout  its  entire  length.  The 
object  of  piercing  the  composition 
is  to  expose  more  surface  to  the 
action  of  the  flame ;  the  ignition 
of  the  whole  contents  of  the  quill 
is  thus  rendered  instantaneous. 

1248.  The  head  of  the  tube,  or 
spur,  is  formed  by  inserting  a  strand 
of  quick-match  about  an  inch  long 

into  the  composition,  through  a  hole  near  the  head  of  the 
quill.  This  is  protected  by  a  small  tube  of  stiff  paper  lashed 
at  right  angles  to  the  quill. 

The  end  of  the  quick-match  is  covered  with  a  paper  cap. 

The  whole  is  shellacked  over  to  protect  it  from  moisture. 

Spur-tubes  are  packed  in  tin  boxes  in  the  same  manner 
as  percussion-primers. 

When  spur-tubes  are  used,  the  gun  captain  exposes  the 
priming,  and  the  second  captain  applies  the  match. 

1249.  SLOW-MATCH  is  used  to  preserve  fire.     It  may  be 
made  of  hemp,  flax,  or  cotton  rope.     The  rope  is  saturated 
with  the  acetate  of  lead  or  the  lye  of  wood-ashes  ;  if  it  is 
made  of  cotton,  it  is  only  necessary  that  the  strand  be  well 
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twisted.  It  burns  from  four  to  five  inches  in  an  hour,  form- 
ing a  hard-pointed  coal,  which  readily  communicates  fire  to 
any  inflammable  material  with  which  it  comes  in  contact. 

For  the  Navy,  loosely  laid,  one-inch  flax  rope  is  used.  It 
is  placed  in  a  solution  of  one  pound  of  acetate  of  lead  to  five 
gallons  of  water  for  twenty-four  hours ;  then  taken  off,  rove 
through  blocks,  and  well  stretched.  It  is  left  on  a  stretch 
for  eight  or  ten  hours,  and  rubbed  down  smooth  with  ra^s, 
when  it  is  cut  in  lengths  of  about  two  fathoms  each,  and 
packed  in  boxes  ready  for  issue.  For  service  a  piece  of  this 
rope  two  or  three  feet  long  is  wound  around  a  match-staff 
having  a  slit  in  one  end,  and  a  point  of  iron  on  the  other, 
which  can  be  stuck  in  a  match-tub. 

1250.  QUICK-MATCH  is  used  to  communicate  fire.     It  is 
made  of  cotton  yarn  (lamp-wick)  saturated  in  alcohol,  and 
then  put  into  a  composition  formed  of  mealed  powder  and 
gummed  spirits ;    after  saturation  the  yarn  is  woiind   on   a 
reel,  or  hung  up  until  perfectly  dry. 

The  burning  of  quick-match  is  very  irregular,  varying 
with  the  condition  of  the  match  and  the  quantity  of  powder 
over  its  surface.  One  yard  in  13  seconds  is  about  the  mean 
rate  of  burning  of  new  match  when  not  confined. 

The  ignition  of  any  combustible  which  it  is  not  safe  to 
approach  may  be  readily  effected  by  enclosing  quick-match 
in  a  paper  case  or  leader  of  the  required  length. 

1251.  PORT-FIRE.  —  Port-fire  is  a  cylindrical  paper  case 
containing  a  composition  which  burns  with  an  intense  flame. 
It  is  used  for  firing  guns  in  the  absence  of  other  means,  and 
also  employed,  as   its  name  implies,  to  carry  fire  whenever 
required.     In  order  to  stop  the  combustion  in  a  port-fire,  it 
is  best  to  cut  it  off  as  near  as  possible  to  the  flame.     Port- 
fire is  used  for  life-huoy  lights,  because  of  its  ability  to  resist 
water.     The  power  of  a  burning  composition  to  resist  the 
penetration  of  water  to  the  mass  is  in  direct  proportion  to 
the  volume  of  gas  evolved,  and  to  the  rapidity  of  its  escape, 
and  consequently  to  the  rapidity  with  which  it  burns.     Port- 
fire cut  up  into  small  pieces  and  placed  in  a  shell  forms  a 
very  good  incendiary  material. 

1252.  In  an  emergency  when  port-fire  cannot  be  procured, 
a  substitute  may  be  made  by  impregnating  paper  with  a  solu- 
tion of  12  oz.  of  saltpetre  to  one  gallon  of  water.     When 
dried,  the  paper  is  rolled  up  into  a  solid  cylinder  about  the 
size  of  the  ordinary   port-fire.     It  burns   slowly,  or   rather 
smoulders. 
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The  finished  port-fires  are  18  inches  long,  and  %  of  an  inch 
in  diameter. 

The  composition  is  composed  of:  nitre,  4  Ibs.,  sulphur,  1 
Ib.  10  oz.,  mealed 'powder,  12  oz.,  and  burns  at  the  rate  of 
about  one  inch  in  a  minute. 

The  bottom  of  the  case  is  filled  with  clay,  and  the  top 
with  mealed  powder.  The  case  is  painted  black,  and  the 
top  tipped  with  red,  to  show  which  end  to  light. 

When  dry,  the  port-fires  are  packed  in  laboratory  boxes, 
50  or  100  in  a  box. 

1253.  ELECTRIC  PRIMER.  —  The  electric  primer  consists 
of  a   quill  tube  filled  with  fine-grained  powder,  in  the  top 
of  which  is  secured  a  small  hard-wood  plug  having  a  score 
cut  about  its   centre,  and  a  longitudinal  groove  on  either 
side  (the  bottoms   of  w»hich  are  T3g    of  an  inch  apart)  for 
the   reception   of  the    copper  wires.       There   are  also   two 
cotton-covered   (braided)   copper   wires,  which   are   twisted 
together  for  about  an  inch,  and  are  stripped  of  their  insu- 
lation   almost    to    the    twist.      These   uncovered   parts   are 
pressed  firmly  into  the  grooves  in   the  sides  of  the  plug, 
and  cut  off  so  that  they  project  about  one-eighth  of  an  inch 
above  the  plug ;  the  ends  of  the  wires  are  now  split  with  a 
very  fine  saw,  and  the  distance  between  the  ends  carefully 
adjusted  to  A  of  an  inch,  after  which  platinum  wire  No.  40 
is  stretched  between  them  to  form  the  bridge,  and  securely 
soldered  to  the  ends  of  the  split  wires. 

A  wisp  of  gun-cotton  is  next  wrapped  around  the  plat- 
inum wire,  and  the  ends  of  the  copper  wire  pinched  together 
sufficiently  to  take  all  strain  off  the  platinum  wire.  The 
plug  is  now  inserted  in  the  quill,  and  thread  is  wrapped 
tightly  round  the  quill  at  the  score :  it  is  then  coated  with 
shellac  at  the  ends. 

Section  III.  — Fuzes. 

1254.  FUZES  are  the  means  used  to  ignite  the  bursting- 
charges  of  hollow  projectiles  at  any  desired  moment  of  their 
flight. 

There  are  a  great  many  varieties  of  fuzes.  They  may  be 
classed  according  to  their  mode  of  operation,  as  time,  percus- 
sion, and  concussion  fuzes. 

1255.  The  Time-fuze  consists  of  a  column  of  inflammable 
composition,  which,  being  ignited  by  the  charge  in  the  gun, 
burns   for  a  certain  space  of  time,  at  the  end  of  which  it 
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communicates  its  flame  to  the  bursting-charge  in  the  shell. 
In  the  Navy  all  spherical  shell  except  those  for  howitzers 
and  for  shrapnel  are  fitted  with  the  Navy  Time-fuze. 

1256.  Requirements.  —  The  conditions  required  to  consti- 
tute  a   good  time-fuze  are,  that  it  should  ignite  with  cer- 
tainty, that  it  should  burn  regularly, 
and  that  when  ignited  it  should  not 
be  liable  to  extinction. 

1257.  THE  NAVY  TIME-FUZE  (Fig. 
355).  —  This  fuze   is   composed  of  a 
composition  driven  in  a  paper  case  and 
then  inserted  in  a  metal  stock,  which 
screws  into  the  fuze-hole ;  so  that  one 
end  of  the  composition  lies  even  with 
the  exterior  surface  of  the  shell,  and 
is  exposed  to  the  flame  of  the  charge 
in  the  gun,  the  other  end  being  within, 
amidst  the  charge  of  the  shell.     The 
composition  is  covered  with  a  safety- 
cap,  which  protects  it  from  moisture 
and  accidental   ignition ;  also  with  a 
ivater-cap  of  peculiar  construction,  in- 
tended to  protect  the  flame  from  being 
extinguished  on  ricochet. 

1258.  A  Safety-plug  at  the  lower 
extremity  prevents  the  communication 
of  fire  to  the  powder  in  the  shell,  in 
the  event  of  the  accidental  ignition  of 
the  fuze  after  being  uncapped. 

1259.  Composition.  —  The  ingredi- 
ents of  all  time-fuze  compositions  are 
the  same  as  for  gunpowder,  but  the 
porportions  are  varied  to  suit  the  re- 
quired rate  of  burning.     Pure  mealed 
powder  gives  the  quickest  composition, 
arid  the  others  are  derived  from  it  by 
the  addition  of  nitre  and  sulphur  in 
certain  quantities.     The  rate  of  burn- 
ing of  a  fuze  composition  depends  on 

the  purity  and  thorough  incorporation  of  the  materials,  and 
on  its  density. 

These  qualities  are  best  secured  by  procuring  the  mate- 
rials from  the  powder-mills  ready  mixed  and  granulated  like 
powder,  in  which  form  it  is  not  more  liable  to  deteriorate 


FIG.  355.  —  Navy  Tiine- 
fuze. 


PYROTECHNY.  623 

than  gunpowder,  and  can  be  preserved  for  a  long  time  with- 
out the  possibility  of  alteration. 

The  three  compositions  used  are  manufactured  at  Dupont's 
powder-mills,  and  are  known  by  the  letters  L,  M,  and  N. 

These  compositions  have  the  appearance  of  ordinary  un- 
glazed  cannon-powder,  but  the  proportions  of  the  ingredients 
differ  from  those  composing  cannon-powder.  By  combining 
these  compositions  in  different  proportions  and  adding  small 
quantities  of  mealed  powder,  driving  a  few  fuzes  and  burn- 
ing them  for  trial,  the  several  compositions  for  driving  the 
various  fuzes  are  found. 

1260.  The  Paper  Fuze-case.  —  The  case  into  which  com- 
position is  driven  is  made  of  strong  white  paper,  which  is 
cut  into  slips  leaving  one  end  square,  the  other  tapered  to  a 
point  (Fig.  356). 

These  pieces  of  paper  are  placed  on  a  smooth  board  and 
covered  with  a  refined  glue,  used  rather  thin  and  kept  warm 
jn  a  suitable  vessel.     They  are  then 
rolled  on  a  steel    cylindrical  former, 
beginning  with  the   square    end,  the 
gradual  diminution  of  the  other  end 


of  the  paper  producing  the  required  FlG-  356> 

taper  on  the  exterior  of  the  case.     If 

one  of  these  cases  is  cut  in  any  part,  the  several  laj^ers  of 
paper  are  not  perceptible,  but  appear  as  if  resolved  into  a 
perfectly  firm  and  homogeneous  material. 

The  finished  case  (Fig.  357)  is  put  in  a  gauge  to  see  that 
it  is  of  the  proper  dimensions,  and  both  of  its  ends  cut  off 
even  with  the  faces  of  the  gauge. 

1261.  The  Safety-plugs  are  made  of  the  softest  lead  wire. 
This  wire  is  cut  into  short  lengths,  and  put  through  molds  to 
bring  them  to  the  proper  diameter.     They  are  then  put  into 
the  plug-making  machine,  which  cuts  and  forms  the  lead  wire 
into  the  proper  shape  and  length  for  safety-plugs. 

1262.  Before  the  composition  is  driven  into  the  case,  the 
safety-plug,  P  (Fig.  358),  is  inserted  with  its  cavity  end  in 
the  smaller  end  of  the  paper  case,  and  the  solid  portion  of  it 
projecting  below  the  tapering  end  of  the  case.    A  steel  punch 
with  a  conical-shaped  end,  being  introduced  into  the  case  and 
entering  the  cavity  of  the  safety-plug,  is  struck  a  smart  blow 
with  a  mallet,  which  forces  the  soft  lead  out,  pressing  it  hard 
against  the  sides  of  the  paper  case. 

The  jar  of  concussion  consequent  upon  the  explosion 
of  the  charge  in  the  bore  is  so  great  as  to  detach  the  plug 
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from  the  case,  so  that  from  the  moment  the  shell  leaves  the 
gun  the  communication  is  open  between  the  burning  compo- 
sition in  the  fuze  and  the  bursting-charge  in  the  shell,  and  as 

soon  as  the  compo- 
sition is  consumed 
the  shell  will  ex- 
plode. 

1263.  Fuze-driv- 
ing Machine.  —  This 
is  done  by  a  machine. 
It  is  a  screw-press 
requiring  two  per- 
sons to  work  it. 
The  driving-shaft 
moves  vertically 
through  a  metal  tube 
on  the  exterior  of 
which  is  a  strong 

VVQ//~  S(luare  thread.  A 
nut  works  upon  this 
by  means  of  a  large 
disk  attached  to  it, 
of  sufficient  diame- 
ter to  create  the  re- 

FIG.  357.  quisite    power,   and 

upon  the  upper  side 
of  this  disk  are  es- 
tablished two  levers, 
attached  to  the  head 
of  the  shaft.  By  ad- 
justing the  weights 
upon  the  levers  a 

FIG.  358.  bell   is   rung,  when 

a  pressure  of  2,000 
pounds  is  obtained  with  the  screw. 

The  paper  case  is  secured  in  a  steel  mold  or  socket,  which 
is  made  to  adjust  so  closely  to  the  exterior  of  the  case  as  to 
sustain  it  and  also  protect  the  safety-plug  against  the  press- 
ure applied  in  condensing  the  composition.  Two  or  more 
of  these  molds  are  placed  around  the  edge  of  the  circular 
plate  carried  upon  the  lower  part  of  the  frame,  and  revolving 
so  as  to  bring  the  molds  in  turn  to  the  shaft. 

1264.  Driving  the  Composition.  —  The  composition,  being 
first  pulverized  to  a  fine  powder,  is  put  into  the  case  by  a 
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small  scoop  which  holds  eight  or  ten  grains.  Each  charge  is 
driven  by  a  steel  drift  which  fits  snugly  into  the  case,  the 
workman  moving  around  the  lower  plate  so  as  to  bring  the 
drift  under  the  driving-shaft  of  the  machine,  the  positions 
being  determined  by  a  spring  and  catch  working  into  a  notch 
in  the  edge  of  the  plate.  The  disk  is  now  given  a  quick 
whirl  by  means  of  the  handles  on  its  periphery,  and  the  driv- 
ing-shaft descends  on  the  drift ;  the  movement  is  sustained 
and  the  pressure  increased  until  the  sound  of  the  bell  indi- 
cates that  the  lever  has  risen  and  the  action  of  the  machine 
has  ceased. 

The  motion  of  the  disk  is  now  reversed  and  the  shaft 
sufficiently  raised  to  allow  the  workman  to  revolve  the  lower 
plate  and  bring  in  place  another  mold,  which  has  meanwhile 
been  charged.  The  operation  proceeds  until  the  column  of 
condensed  composition  is  rather  larger  than  required. 

In  this  way  the  composition  is  solidified  until  its  density 
is  doubled  and  it  becomes  as  hard  as  stone.  The  paper  cases 
are  removed  from  the  driving-mold  and  placed  in  another  of 
the  exact  length  required ;  the  projecting  portion  is  then  cut 
off  evenly  with  a  sharp  knife. 

1265.  The  Water-cap  is  made  of  copper,  and  is  cylindrical 
in  shape  (C,  Fig.  358).     The  upper  end  has  a  recess  .11  inch 
deep,  in  which   there  are  three  holes,  one  going  half-way 
through  the  cap  and  connecting  with  the  side-holes ;  the  other 
two  are  made  to  hold  a  small  piece  of  quick-match.     There 
are  two  holes  in  the  side, s/tfL-  the  cap  opposite  to  each  other 
and  connected  by  a  small  channel ;  and  one  hole  leading 
from  the  bottom  of  the  cap  to  those  through  the  sides,  but 
to  the  one  opposite  to  that  to  which  the  hole  from  the  top 
leads.      Thus  the  water-cap  is  perforated  with  a  channel, 
which  is  filled  with  mealed  powder.     This  communicates  fire 
to  the  composition  in  the  paper  case,  and  the  angles  of  the 
channel  prevent  the  entrance  of  any  matter,  such  as  sand  or 
water,  over  which  the  shell  may  ricochet. 

The  recess  on  top  has  two  small  pieces  of  quick-match, 
each  secured  in  its  own  hole,  and  a  small  quantity  of  powder 
poured  into  the  recess -and  pressed  down,  so  that  the  outer 
surface  is  primed  with  mealed  powder  and  strands  of  quick- 
match,  which  are  ignited  by  the  scorching  flame  that  rushes 
over  the  projectile  at  the  firing  of  the  charge  in  the  gun. 

1266.  The  Safety-cap  is  a  circular  leaden  patch  with  a  lip 
or  lug  attached  (S,  Fig.  358),  cut  out  of  soft  sheet-lead  that 
is  about  .06  of  an  inch  thick.     It  is  punched  out  with  a  cutter 
of  the  proper  shape  and  dimensions. 
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This  patch,  with  a  thin  piece  of  parchment  of  the  same 
shape  and  size  under  it,  is  put  on  over  the  top  of  the  water- 
cap  and  driven  down  into  the  recess  in  the  head  of  the  fuze- 
stock  with  a  punch  made  for  the  purpose,  having  the  length 
of  the  fuze  in  raised  letters  on  the  end,  so  as  to  leave  this 
mark  on  the  leaden  patch. 

1267.  The  Fuze-stock   is   made  of  tough  bronze,  with  u 
stout  shoulder  or  flange  at  the  outer  end  (F,  Fig.  358).     Its 
length  over  all  is  2.44  inches.     The  filled  paper  case,  or  fuze 
proper,  is  placed  in  the  metal  stock,  safety-plug  end  first,  and 
then  pressed  down  until  the  end  of  the  paper-case  is  nearly 
even  with  the  lower  end  of  the  stock,  the  safety-plug  project- 
ing below  the  stock.     The  water-cap  is  screwed  in  on  top  of 
the  fuze  and  covered  with  the  safety-patch.     A  circular  label 
is  pasted  on  over  the  patch  showing  the  length  of  the  fuze, 
the  date  of  fabrication,  and  the  initials  of  the  inspector. 

A  little  shellac  is  brushed  around  the  safety-plug  and 
lower  end  of  fuze-stock ;  also  around  the  leaden  patch  and 
top  of  stock.  A  pasteboard  cap  is  put  on  over  the  safety- 
plug  end  of  the  fuze-stock  to  prevent  the  plug  from  being 
broken  off,  and  the  fuzes  thus  prepared  are  stowed  in  boxes. 

1268.  TIME  OF  BURNING.  —  The  Navy  time-fuzes  are  of 
3J,  5,  7,  10, 15,  and  20  seconds  time  of  burning;  which  times 
are  supposed  to  offer  a  sufficient  variety  for  most  of  the  exi- 
gencies of  the  service,  and  a  certain  proportion  of  each  are 
supplied  to  each  ship. 

There  are  also  supplied  for  special  purposes  paper-case 
fuzes  of  greater  length,  which  when  used  are  always  to  be 
inserted  in  metal  stocks. 

1269.  GENERAL  WORKING-FUZE.  —  All  loaded  spherical 
shell  supplied  are  fitted  with  the  5-seconds  fuze,  which  is  re- 
garded as  the  general  working-'fuze.    This  fuze  may  be  drawn 
and  any  of  the  others  substituted.     The  XV-inch  shell  are 
each  fitted  with  three  fuzes,  5,  10,  and  15  seconds. 

Twenty-five  per  cent,  of  the  shell  allowed  for  rifled  guns 
are  fitted  with  time-fuzes,  and  the  remainder  with  percussion- 
fuzes. 

1270.  To  SHORTEN  FUZES.  —  For  special  firing  any  time- 
fuzes  may  be  shortened.     To  do  this,  unscrew  the  water-cap 
and  back  the  paper  case  out  from  the  lower  end  with  a  drift 
and  mallet,  cut  off  from  the  lower  end  with  a  fine  saw,  or 
sharp  knife  struck  with  a  mallet,  the  proportional  part  re- 
quired, and  insert  the  upper  part  in    the    stock,  forcing   it 
down  with  a  few  gentle  blows  with  the  drift ;  screw  in  the 
water-cap. 
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It  is  preferable,  however,  when  circumstances  will  admit, 
to  take  up  such  distance  as  will  correspond  with  the  time  of 
flight  of  one  of  the  regulation  lengths.  In  shortening  the 
fuzes  there  is  danger  of  disturbing  the  column  of  compo- 
sition. 

1271.  TESTING   FUZES.  —  Fuzes   are  tested  by  securing 
them  in  some  convenient  place,  lighting  them,  and  noting 
the    time    of  burning.     In  testing  the  Navy  time-fuze,  the 
safety-plug  must  be  removed.     Being  intended  for  use  under 
a  water-cap,  they  burn  a  longer  time  in  the  open  air.     Under 
the  water-cap  the  gases  are  so  confined  that  the  combustion 
is  augmented. 

1272.  TIME-FUZES    FOR    RIFLE-PROJECTILES.  —  It    has 
been  necessary  to  use  an  adapting  ring  with  the  Navy  time- 
fuze  in  the  Parrott- shell  as  the  fuze-holes  are  made  for  the 
Schenkle  fuzes ;  but  the  new  standard  fuzes  have  the  fuze- 
stock  made  of  the  same  size  as  that  of  the  Schenkle. 

For  rifle-projectiles,  where  the  flame  of  the  charge  is 
entirely  cut  off  from  the  fuze,  the  time-fuzes  are  fitted  with  a 
detonating  arrangement  at  the  top.  This  consists  of  a  small 
hollow  cylinder  of  metal,  termed  the  igniter,  containing  a 
small  quantity  of  detonating  composition,  and  having  a  fire- 
hole  communicating  with  the  fuze-composition.  A  plunger 
is  suspended  in  the  detonator  by  means  of  a  wire,  and  when 
the  gun  is  fired  the  suspending-wire  is  broken,  and  the 
plunger  coming  in  contact  with  the  detonating  composition 
explodes  it,  thus  firing  the  fuze-composition. 

1273.  IMPERFECTION  OF  TIME-FUZES.  —  It  is  impossible 
that  any  species  of  fuze  should  be  absolutely  perfect.     When 
suitable    opportunities   for  observation    occur,  it   is   noticed 
that  in  firing  a  number  of  shells  many  do  not  explode.     The 
failure  of  the  composition  to  ignite  is  probably  generally  due 
to  the  absorption  of  moisture ;  and  therefore  all  fuzes  taken 
from  shell  or  returned  from  ships,  which  have    been   more 
than  one  year  in  service,  are  to  be  returned  to  the  Labora- 
tory in  the  Ordnance  Yard  at  Washington,  where  all  fuzes 
are  prepared.     Fuzes  of  over  two  years'  date  of  manufacture 
are  not  to  be  issued  for  service. 

Sometimes  the  fuze  is  extinguished  after  having  been 
ignited.  This  may  occur  when  the  shell  ricochets  on  soil  or 
•water.  Water  is  not  so  detrimental  as  sand,  and  the  fuze  is 
rarely  extinguished  by  several  ricochets  upon  it. 

Generally  the  gases  evolved  by  the  combustion  of  the 
composition  will  repel  with  great  energy  any  obtrusive  mat- 
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ter  which  would  extinguish  the  fuze  if  once  in  contact  with 
the  ignited  surface. 

1274.  PREMATURE  EXPLOSION.  —  This  may  be  caused  by 
the  increase  of  the  ignited  surface  of  the  composition  result- 
ing from  cracks  in  the  case  or  composition  itself,  or  by  inter- 
stices between  the  case  and  composition ;  and  in  proportion 
to  the  extent  of  this  cause  so  will  be  the  increased  celerity 
of  the  combustion.     Crevices  may  occur  in  the  composition 
from  some  defect  in  the  tools  or  in  the  mode  of  using  them, 
or  they  may  be  created  by  bending  the  case. 

It  may  also  happen  that  the  displacement  of  the  shell  by 
the  charge  of  the  gun  will  force  in  the  column  of  composi- 
tion or  the  case  with  it.  This  would  of  course  cause  the 
shell  to  explode  very  quickly. 

The  shell  may  be  defective  in  thickness  or  quality  of 
metal,  and  be  crushed  by  the  force  of  the  discharge,  when 
the  explosion  will  take  place  in  or  near  the  gun. 

The  bursting  of  the  shell  near  the  muzzle  of  the  gun  is 
sometimes  attributed  to  the  detonating  qualities  of  the  pow- 
der in  the  shell.  It  is  manifest  that  the  premature  explosion 
of  shells  is  far  more  detrimental  to  their  efficiency  than  the 
failure  to  explode  at  all. 

1275.  Commanders   of  vessels   are   required  to    observe 
carefully  the  action  and  result  of  all  fuzes,  and  report  in  de- 
tail to  the  Bureau  of  Ordnance  whenever  opportunities  may 
occur,  particularly  specifying  the  number  and  kind   fired, 
elevation  of  gun,  failure  to  explode,  and  satisfactory  action  ; 
also  whether  the  fire  was  ricochet  or  direct. 

1276.  The  question  of  a  good  fuze  for  all  conditions  of 
service  is  still  to  be  determined.     For  ordinary  firing  with 
smooth-bore  projectiles,  the   service  time-fuze,  as  made  for 
many  years  past,  continues  to  give  good  results,   but  the 
greatly  increased  range  and  time  of  flight  at  present  obtain- 
able with  heavy  guns  render  it  desirable  to  adopt  a  principle 
of  shell-explosions  independent  of  the  time  of  flight  and  of 
the  preservation  in  good  order  of  a  long  column  of  composi- 
tion. 

1277.  THE  BORMANN   FUZE  was  invented  by  Captain 
Bormann  of  the  Belgian  army. 

The  case  is  a  metallic  disk  about  1.6  inches  in  diameter 
and  half  an  inch  thick  (Fig.  359),  made  of  lead,  hardened 
sufficiently  for  the  purpose  by  the  infusion  of  some  tin.  It 
is  cast  without  the  thread  by  which  it  is  to  be  screwed  into 
the  fuze-hole,  and  this  is  afterwards  cut  in  an  ordinary  slide- 
lathe. 
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FIG.  359. 


The  metallic  fuze  is  screwed  in  flush  with  the  shell,  and 
well  luted  around  the  edge  on  the  exterior  surface. 

The  composition  is  firmly  condensed  into  an  interior 
canal,  or  horseshoe-shaped  indentation,  cast  in  the  disk 
around  its  periphery  and  as  near 
to  it  as  possible,  opening  below,  a 
strand  of  quick-match  being  first 
placed  in  the  bottom  of  the  chan- 
nel. The  canal  is  closed,  after  the 
composition  is  driven,  by  a  piece 
of  the  same  metal,  corresponding 
in  shape  (Fig.  360),  the  cross-sec- 
tion of  it  being  wedge-shaped. 
This  is  pressed  down  upon  the 
composition  by  a  machine,  sealing 
it  hermetically. 

The  upper  surface  of  the  disk 
above  the  composition  is  very  thin, 
so  as  to  yield  readily  to  the  cutting- 
tool  employed  to  open  it,  its  whole 
external  corresponding  of  course 
with  the  composition  below.  It  is  graduated  into  seconds 
and  fourths  of  seconds.  The  end  of  the  composition  where 
the  enumeration  begins  communicates  with  a  small  magazine 
at  the  centre  of  the  disk,  which  is  charged  with  grained 
powder,  and  closed  on  the  inner  side 
with  a  very  thin  disk  of  sheet-lead  so 
as  to  yield  in  that  direction  to  the 
explosion.  A  pin-hole  is  sometimes 
punched  in  this  disk  to  insure  the 
escape  of  the  flame  into  the  shell. 

1278.   The    Operation  of  the  Fuze 
occurs  thus : 

The  thin  covering  of  metal  above 
the  composition  is  cut  so  as  to  lay 
bare  the  upper  surface  of  the  compo- 
sition, and  to  afford  the  flame  access 
to  it  at  the  part  desired.  The  cut 
should  be  made  with  the  fuze-cutter 
close  to  the  right  of  the  mark  in  the 
index-plate ;  and  it  is  best  made  in  two  or  three  efforts  in- 
stead of  trying  to  effect  the  cut  at  once. 

Under  fire,  the  Bormann  fuze,  though  perfectly  simple,  is 
very  liable  not  to  be  cut  to  the  desired  time ;  it  is  often  done 
incorrectly,  and  sometimes  not  at  all. 
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Shell  fitted  with  this  fuze  should  be  placed  in  the  gun 
with  the  cut  of  the  fuze  up,  because  in  this  position  it  is  more 
certain  of  being  touched  by  the  flame  of  the  charge  as  it 
rushes  over  the  top  of  the  shell. 

The  combustion  occupies  the  assigned  time  in  pass- 
ing from  the  incision  towards  the  origin  of  the  graduation, 
when  it  traverses  the  orifice  leading  into  the  magazine, 
the  contents  of  which  explode  smartly  towards  the  in- 
terior, and  then  encounter  instantly  the  charge  in  the 
shell. 

The  metal  of  this  fuze  being  soft  and  its  diameter  great, 
there  is  danger  of  its  screw-thread  being  stripped,  and  its 
being  driven  in  by  the  shock  of  firing,  or  of  its  being  driven 

out  on  the  ignition  of  the 
bursting-charge,  thus  af- 
fording a  means  of  es- 
cape for  the  gas  evolved, 
without  bursting  the  shell. 
To  prevent  the  former,  a 
broad  shoulder,  act  (Fig. 
361),  is  left  when  the 
fuze-hole  is  tapped.  To 
avoid  the  possibility  of 
the  latter,  and  at  the 
same  time  to  increase  the 
effect  of  a  small  bursting- 
charge,  the  fuze-hole  below  the  shoulder  is  closed  by  screw- 
ing in  a  composition  disk,  5,  with  a  small  hole  in  its  centre 
through  which  the  fire  from  the  fuze  is  communicated  to  the 
charge. 

1279.  Advantages. — The  peculiar  excellence  of  this  fuze 
consists  in  the  driving  of  the  whole  mass  of  the  composition 
by  a  single  pressure,  and  its  disposition  in  such  wise  that  the 
combustion  occurs  not  with  the  stratification  of  the  mass, 
but  transversely  to  it,  while  in  the  ordinary  fuzes  the  solidi- 
fication and  the  process  of  combustion  are  just  the  reverse ; 
that  is,  the  column  is  composed  of  a  number  of  layers  solidi- 
fied successively  by  an  equal  pressure  ;  but  as  the  inferior 
layers  have,  besides  the  pressure  applied  to  them,  to  bear 
that  of  the  superincumbent  layers,  it  follows  that  the  mass  is 
not  homogeneous,  but  increases  in  density  with  the  inferior 
position  of  the  layers. 

The  whole  error  of  fabrication,  whatever  it  may  be,  in  the 
Bormann  fuze,  is  only  experienced  when  the  fuze  is  opened 
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at  its  extreme  duration.  At  all  inferior  times  it  is  reduced 
proportionally.  The  regularity  of  this  fuze  burning  is  very 
great.  The  Bormann  fuze  is  fitted  to  all  shrapnel  and  S.  B. 
howitzer  ammunition. 

1280.  BOXER  FUZE.  —  The  fuze  used  with  the  3  in.  B.  L.  R. 
is  what  is  commonly  known  as  the  Boxer  wooden  stock 
time-fuze.  The  stock  is  made  of  beech  and  coned  on  the 
outside. 

A  coned  composition  channel  is  bored  into  this  stock  par- 
allel to  the  axis,  but  one-tenth  of  an  inch  distant  from  it. 
This  channel  receives  the  paper  fuze-case,  which  is  some- 
what less  in  diameter  than  that  of  the  regulation  Navy  time- 
fuze. 

Just  above  the  upper  face  of  the  fuze-composition  is 
an  unoccupied  space  from  which  four  gas-vent  channels 
lead  to  the  outside  of  the  stock  above  the  point  of  the 
shell. 

Immediately  above  this  gas-vent  chamber  the  bore  of  the 
stock  is  considerably  enlarged  to  receive  the  igniter.     This 
consists   of  a  small   bronze   hollow  cylinder,  closed   at  the 
lower  end,  where  it  is  furnished  on 
the  inside  with  a  pierced  nipple  for 
percussion-cap.      The    upper  edge  of 
the  hollow  cylinder  is  flanged  in  such 
a  manner   as  to  rest  on  top  of  the 
stock ;  thereby  preventing  the  igniter 
from  being  driven  bodily  into  the  fuze 
on  discharge  of  the  gun. 

Inside  of  this  hollow  cylinder  the 
plunger  is  hung  on  a  brittle  wire  (half 
copper  and  half  lead).  When  this 
arrangement  is  in  place,  the  head  of 
the  fuze  is  covered  with  a  piece  of 
paper  or  linen  luted  down  and  shellacked.  Thus  far  the 
fuze  only  burns  for  the  full  time  for  which  it  is  pressed.  In 
order  to  provide  for  intermediate  times,  two  side  channels 
are  bored  from  the  lower  end  of  the  fuze  upward  (one  of 
these  is  shown  in  the  figure).  Holes  bored  (at  equal  inter- 
vals) from  the  outside  of  the  stock  connect  the  exterior  of 
the  fuze  with  the  side  channels ;  the  lowest  communicating 
hole  in  each  channel  being  bored  entirely  through  to  the 
fuze-composition.  The  channels  are  filled  with  mealed  pow- 
der and  paper  pasted  over  the  exterior  of  the  communicating 
or  time  holes,  which  are  arranged  as  shown  in  the  figure. 
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The  upper  and  lower  ends  of  the  stock  are  served  with  brass 
wire. 

This  fuze,  which  is  virtually  the  English  Boxer,  works 
as  follows :  with  a  suitable  tool  pierce  through  the  commu- 
nicating hole,  which  corresponds  to  the  number  of  seconds 
desired,  into  the  column  of  fuze-composition  (see  arrow), 
then  push  the  fuze  by  hand,  giving  it  a  slight  twist,  into 
the  fuze-hole  of  the  projectile,  and  load  the  gun.  On 
tin-  explosion  of  the  charge  the  plunger,  by  its  inertia, 
sli cars  the  brittle  suspending  wire,  and  strikes  the  percus- 
sion-cap, which  ignites  the  composition,  and  the  fuze  burns 
down  to  the  point  at  which  it  was  pierced.  Then  the  flame 
flashes  into  the  side  channels,  down  the  latter  to  the 
lower  communicating  hole,  and  thence  to  the  bursting- 
charge. 

If  for  any  reason  the  flame  should  not  pass  through  the 
hole  bored  at  the  desired  time,  the  fuze  would  still  act  at 
the  end  of  its  time  of  burning  by  igniting  the  charge  through 
the  lower  communicating  hole.  If  the  shell  strikes  the  object 
before  sufficient  time  has  elapsed  to  enable  the  composition 
to  burn  to  the  lower  end,  it  is  probable  that  the  stock  would 
be  split  and  the  whole  be  driven  inwards ;  in  which  case  it 
would  act  as  a  concussion-fuze. 

1281.  PERCUSSION  AND   CONCUSSION  FUZES.  —  A   per- 
cussion or  concussion  fuze  is  one  which  is  independent  of  the 
element  of  time  of  flight,  and  which  depends  wholly  upon 
impact  for  its  ultimate  action. 

The  distinction  between  percussion  and  concussion  fuzes 
has  been  somewhat  arbitrary,  and  the  application  of  the 
terms  has  depended  upon  the  sense  in  which  the  inventor  of 
any  particular  fuze  chose  to  apply  them. 

1282.  CONCUSSION-FUZE. — A  concussion-fuze  is  one  which 
is  put  in  action  by  the  discharge,  but  the  effect  of  that  action 
is  restrained  until  it  strikes  the  object. 

1283.  Requirements.  —  Such  a  fuze,  in  order  to  be  service- 
able, must  not  only  produce  explosion  on   striking,  but   it 
must  not  produce  it  on  the  shock  of  the  explosion  of  the 
charge,  nor  of  that  produced  by  the  ricochets  of  the  pro- 
jectile in  or  out  of  the  gun.     These  fuzes  have  usually  con- 
sisted of  some  combination  of  the  highly  explosive  fulminates, 
but  the  extreme  danger  of  using  them  has  been  a  great  obsta- 
cle to  their  adoption.     There  is  no  fuze  of  tins  kind  in  use 
iu  the  Navy. 

1284.  PERCUSSION-FUZE.  —  A     percussion-fuze     is     one 
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which  is  prepared  for  action  by  the  discharge,  and  put  in 
action  by  the  shock  on  striking  the  object.  Like  the  concus- 
sion-fuzes, they  have  usually  been  dangerous  from  the  ful- 
minate employed,  or  from  their  complicated  and  delicate  con- 
struction. 

1285.  Requirements.  —  The    essential   requirements  of   a 
good  percussion-fuze  are:  that  it  should  not  be  ignited  by 
the  shock  of  discharge  or  on  striking  water ;  that  it  shall  be 
ignited  on  the  impact  of  a  shell  against  the  object,  and  that 
it  may  not  be  liable  to  explode  by  handling  or  during  trans- 
port. 

The  percussion-fuze  has  many  points  in  its  favor :  it  as- 
sures the  bursting  of  the  projectile ;  it  can  be  used  for  all 
ranges,  be  they  never  so  great;  it  admits  —  a  very  impor- 
tant desideratum  in  war  —  of  estimating  distances,  and  of 
correcting  the  error  of  the  estimation ;  it  augments  the 
result  of  firing  by  adding  great  moral  to  physical  effect, 
due  to  the  explosion  of  the  projectile  in  the  midst  of  the 
enemy. 

Its  only  inconvenience  is  its  inability  to  cause  the  burst- 
ing of  the  projectile  before  it  has 
touched  the  object,  thus  render- 
ing the  effects  of  fire  dependent 
upon  the  nature  and  conformation 
of  the  target  at  the  point  of  im- 
pact. 

1286.  SCHENKLE   FUZE.  —  One 
of  the  simplest  forms  ef  this  kind 
of  fuze  is  the  Schenkle  percussion- 
fuze,  which   has   been   found  very 
reliable,  and  is  now  the  only  one 
issued  in  the  Navy.     It  is  a  metal 
fuze-stock    (Fig.  363)    enclosing   a 
movable  core-piece,  or  steel  plunger, 
bearing  a  musket-cap.    The  plunger, 
primed  and  capped,  is  confined  in- 
side the  stock,  in  which  it  fits  loose- 
ly, by   a   screw   or   pin,  which   passes   through    a   hole    in 
the   side    of    the   stock   arid   plunger,   to   prevent    it    from 
moving.     A  safety-cap  is  screwed  into  the  top  of  the  fuze- 
stock,   and    its   bottom   is    closed    by    a    cork    or    leather 
stopper. 

When  the  projectile  is  set  in  motion,  the  plunger  by  its 
inertia  carries  away  the  pin  which  confines  it,  and  presses 
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FIG.  364. 


against  the  bottom  of  the  fuze-stock.  When  its  motion 
is  arrested,  the  inertia  of  the  plunger  causes  the  per- 
cussion-cap to  impinge  against  the  safe- 
ty-cap, which  ignites  the  priming,  when 
the  stopper  in  the  bottom  of  the  fuze- 
stock  is  blown  out  and  the  shell  ex- 
ploded. 

As  a  precaution  against  danger  while 
handling,  the  brass  safety-cap  is  countersunk 
on  one  end  and  flat  on  the  other.  It  is  kept 
with  the  countersunk  end  down  at  all  times 
except  when  loading ;  while  this  end  is  down- 
should  the  plunger  become  loose,  the  percus, 
sion-cap  is  prevented  from  coming  in  contact 
with  the  hard  surface  of  the  safety-cap,  but 
on  being  turned  end  for  end  a  plane  surface 
is  opposed  to  the  percussion-cap,  upon  which 
it  may  strike.  There  is  a  slit  cut  in  the  top 
of  the  fuze-stock  and  cap  which  is  designed  for  the  entrance 
of  the  fuze-wrench. 

1287.  GERMAN  PERCUSSION-FUZE  (Fig.  365).  —  In  this 
fuze  the  plunger,  a  7i,  having  a  central  fire-hole,  &,  is  let  into 
the  fuze-hole  and  rests  against  the  shoulders,  c  c.  This 
plunger  is  surmounted  by  a  perforated  cap,  p,  having  a  ter- 
minating point  on  the  top  side. 

The  plunger  is  retained  in  its  place  by  a  pin,  E,  which 
passes  transversely  into  the  fuze-hole,  the  side  of  which  is  put 
in  contact  with  the  point  of  the  cap. 

The  outer  end  of  the  pin  projects  on  the  side  of  the 
shell,  the  projection  being  limited  by  the -line  of  the  cylin- 
drical portion.  The  fuze-hole  is  closed  by  a  screw-cap,  //, 
having  a  small  central  screw-hole  into  which  the  fulminate- 
cap,  #,  is  screwed. 

When  fired  from  a  rifle-piece,  the  centrifugal  force 
generated  by  the  revolution  of  the  shell  throws  out  the 
pin,  E  ;  the  plunger  by  its  inertia  is  retained  at  the  bot- 
tom of  the  chamber  during  the  flight  of  the  projectile ; 
at  the  moment  of  impact  the  plunger  impinges  against 
the  fulminate,  which,  exploding,  ignites  the  charge  in  the 
shell. 

This  is  one  of  the  simplest,  and,  at  the  same  time,  most 
safe  and  reliable  percussion-fuzes  yet  invented.  The  fulmin- 
ate-cap, g,  and  pin,  E,  are  not  applied  to  the  shell  until  the 
instant  of  loading,  when  the  loader,  who  carries  these  articles 
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in  a  pouch,  screws  in  a  fulminate-cap  and  inserts  the  pin,  pre- 
viously feeling  that  the  plunger  does  not  stick. 

To  keep  the  bursting-charge  in  place  in  the  shell,  a  brass 
thimble,  with  a  flange  about  the  top,  and  a  small  hole  in 
the  bottom,  is  first  pressed  into  the  fuze-hole  and  takes 
against  the  shoulder,  c.  It  is  made  a  trifle  large,  and  a  small 
slit  on  either  side  at  the  top  gives  it  sufficient  spring  to  fit 
snug  and  tight.  A  piece  of  cloth  is  pasted  over  the  fire-hole 
in  the  bottom  of  the  thimble.  In  this  thimble  the  leaden 
plunger  rests. 

Failure  to  Ignite.  —  Percussion-fuzes  frequently  fail  if 
fired  into  a  bank  of  soft  earth,  sand,  or  other  material  which 
does  not  offer  a  sufficiently  sudden  resistance  •  also  if  fired 


FIG.  365. 


at  high  elevation,  owing  to  the  fact  that  the  rifle-shells  may 
not  strike  point  foremost. 

1288.  MORTAR-FUZES. —  The  mortar-fuze  now  used  is  a 
paper-case  time-fuze,  similar  in  general  appearance  to  the 
ordinary  paper-case  fuze,  of  long  time  of  burning.  They  are 
made  up  in  packages  and  marked  with  the  kind  and  length 
of  fuze.  For  any  shorter  time  the  fuze  is  cut  with  a  sharp 
knife  or  fine  saw.  With  this  fuze  is  used  a  wooden. fuze-plug, 
having  a  conical  opening,  which  is  reamed  out  to  fit  the 
paper  case.  When  the  shell  is  loaded,  and  the  fuze  cut  to 
the  required  length,  it  is  pressed  in  the  plug  and  the  plug 
firmly  set  in  the  fuze-hole. 
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The  head  of  the  fuze  having  been  covered  with  tow  or 
something  to  prevent  breaking  the  composition,  the  fuze- 
setter  is  placed  on  the  plug,  and  it  is  driven  with  the  mallet 
until  the  head  is  about  £  of  an  inch  above  the  surface  of  the 
shell. 

The  old  form  of  mortar-fuze  consists  of  a  conical  plug  of 
wood,  of  the  proper  size  for  the  fuze-hole  (Fig.  366).  The 
axis  of  this  plug  is  bored  out  cylindrically,  from  the  large 
down  to  within  a  short  distance  of  the  small  end,  which  is 
left  solid.  At  the  large  end  a  cap  is  hollowed  out, 
and  the  outside  of  the  plug  is  divided  into  inches 
and  parts,  commencing  at  the  bottom  of  the  cap  ; 
seven  inches  extreme  length,  and  each  inch  burn- 
ing seven  seconds,  giving  a  total  length  of  forty- 
nine  seconds. 

The  orifice  is  filled  with  composition   pressed 
hard  and  evenly  as  possible. 

The    cup   is   filled   with   mealed    powder   and 
moistened  with  alcohol.     The  rate  of  burning  is 
determined  by  experiment,  and  marked  on  a  water- 
FIG  366       proof  paper  cap,  which  is  tied  over  the  cup. 

This  is  removed  when  the  fuze  is  used.  Know- 
ing the  time  of  flight,  the  fuze  is  cut  with  a  saw  at  the  proper 
division,  and  firmly  set  in  the  fuze-hole  with  a  fuze-setter 
and  mallet. 

The  great  disadvantage  of  this  fuze  is  its  irregularity,  it 
being  very  difficult  to  press  such  a  large  column  of  composi- 
tion so  that  equal  lengths  will  burn  in  equal  times. 

1289.  RUNNING-FUZES    FOR    MINES    AND    BLASTING.  - 
The  running-fuzes  most  used  are  those  known  in  England  as 
BickforcCs  fuze,  and  in    this  country  as  Safety-fuze  and  Toy's 
fuze.     The  common  fuze  ordinarily  used   in   blasting  with 
powder  is  of  this  kind. 

It  consists  essentially  of  a  column  of  fine  gunpowder  en- 
closed in  flax,  hemp,  or  cotton,  and  made  up  with  different 
coverings  according  to  the  use  to  which  it  is  applied.  When 
intended  for  immediate  use  on  light  work  in  dry  ground,  it 
is  unprotected  by  additional  coverings.  When  intended  for 
use  in  wet  ground  or  under  water,  it  is  covered  with  var- 
nished tape  or  gutta-percha. 

These  fuzes  cause  ignition  by  conveying  flame  to  the 
charge  to  be  exploded.  They  are  somewhat  uncertain  in 
their  rate  of  burning,  but  average  about  one  yard  in  a 
minute. 
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The  ordinary  varieties  must  be  kept  in  a  cool,  dry  place, 
and  preserved  from  contact  with  grease  or  oil. 

The  gutta-percha-covered  varieties  are  liable  to  become  in- 
jured by  keeping,  from  the  deterioration  of  the  gutta-percha. 
Before  using,  care  must  be  taken  that  cracking  of  the  gutta- 
percha  has  not  occurred.  They  should  be  able  to  resist  water 
for  twenty-four  hours. 

1290.  Quick-match  Fuze  is  made  by  enclosing  quick-match 
in  a  paper  case  with  plaited  cotton   covering,  and  water- 
proofed. 

Gun-cotton  Fuze.  —  Gun-cotton  thread  or  rope  burns  with 
great  rapidity :  not  less  than  thirty  feet  per  second. 

1291.  DETONATING-FUZES  OR  EXPLODERS.  —  By  a  deto- 
nating-fuze, or  detonator,  is  meant  one  that  causes  a  detonat- 
ing explosion.    The  ordinary  method  of  producing  explosion 
is  by  the  direct  application  of  flame.      By  the   detonating 
method,  explosion   of  the    main    charge   is    caused   by   the 
concussion  exerted  by  a  small  charge  of  explosive  material 
in  the  fuze.     Fulminating  mercury  seems  to  possess  peculiar 
properties  as  a  detonator,  and  practically  is  the  only  body  so 
used. 

Detonating-fuzes  are  used  when  violent  shattering  ex- 
plosions are  desired.  Thus  nitro-glycerine,  gun-cotton, 
and  their  preparations  are  always  tired  by  means  of  a 
fulminate  ^exploder.  The  ignition  of  the  fulminate  may 
be  accomplished  in  the  ordinary  manner,  or  by  the  use  of 
electricity. 

The  simplest  fulminate  exploder  is  made  by  attaching  a 
copper  case  or  large  cap  containing  the  fulminate  to  the  end 
of  a  piece  of  common  running-fuze.  If  the  fuze  fits  the  cap 
closely,  it  may  be  retained  in  place,  and  the  cap  protected 
against  moisture  by  pressing  round  it  wax,  hard  soap,  or 
other  similar  substance.  If  the  fuze  is  too  small,  it  must 
be  passed  through  a  plug  of  wood  or  small  cork  fitting  the 
cap,  and  the  whole  fastened  on  as  above.  Before  it  is  fas- 
tened into  the  cap,  the  end  of  the  fuze  must  be  spread  out  so 
as  to  insure  contact  with  the  fulminate.  Fifteen  grains  is  the 
usual  amount  of  fulminate  placed  in  the  cap ;  it  should  be 
put  in  when  wet,  with  some  gummy  solution  or  varnish, 
so  that  it  will  dry  to  a  solid  lump  which  will  not  shake 
loose. 

Even  in  exploding  powder  there  is  often  great  advantage 
in  using  detonating-fuzes.  It  is  difficult  to  prove  that  actual 
detonation  of  the  powder  is  brought  about,  but  experiment 
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has  shown  that  a  much  more  violent  action  can  be  obtained 
by  using  this  mode  of  firing. 

1292.  ELECTRIC  FUZES  AND  EXPLODERS.  —  In  most  blast- 
ing or  mining  operations  the  use  of  galvanic  batteries  or 
electrical  machines,  together  with  proper  exploders,  has 
almost  entirely  superseded  that  of  the  various  forms  of  run- 
ning-fuze. Among  the  advantages  offered  by  the  applica- 
tion of  electricity  to  this  purpose  may  be  mentioned :  greater 
ease  of  application,  more  complete  control,  and  greater 
safety ;  the  power  to  obtain  a  practically  simultaneous  ex- 
plosion of  a  number  of  charges,  and  the  ability  to  work  at 
greater  distances,  as  in  torpedo  operations. 

Electric  Exploders  may  conveniently  be  divided  into  two 
classes : 

1st.  Those  in  which  explosion  is  obtained  by  disruptive 
discharge  between  two  points  in  the  circuit ;  and 

2d.  Those  in  which  the  explosion  is  determined  by  the 
heating  of  a  conductor  of  comparatively  high  resistance  in- 
troduced into  the  circuit. 

The  first  class  can  be  used  with  the  Leyden  jar 
induction-coil,  or  any  frictional  electrical  machine,  such 
as  Smith's  or  Von  Ebner's;  and  are  known  as  frictional 
fuzes. 

Fuzes  of  this  kind  are  made  in  a  variety  of  forms,  but  in 
all  essential  features  are  alike.  All  that  is  necesasny  is  that 
there  shall  be  a  break  in  a  circuit  not  greater  than  a  spark 
can  easily  be  made  to  pass  over  (generally  from  •£%"  to  -j^")' 
and  that  between  the  points  of  this  break  shall  be  placed 
some  composition  that  will  be  ignited  by  the  passage  of  the 
spark.  Gunpowder  can  be  used,  but  does  not  ignite  readily 
and  for  this  reason  some  more  sensitive  composition  is  gener- 
ally employed. 

The  objections  to  this  class  of  fuze  are  — 

1st.  The  highly  sensitive  compositions  used  render  them 
dangerous. 

2d.  Perfect  insulation  of  all  leading  wires  used  in  con- 
nection with  them  is  necessary,  particularly  when  working 
under  water  or  in  damp  places. 

3d.  The  frictional  machines  used  with  these  fuzes  require 
great  care  to  keep  them  in  working  order,  and  are  much 
affected  by  atmospheric  causes. 

The  second  class  of  electric  fuzes  may  be  further  divided 
into  two  sub-classes : 

1st.  Magneto-electric  fuzes,  or  those  in  which  the   intro- 
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duced  or  secondary  conductor  is  a  substance  of  high  specific 
resistance ;  such  as  plumbago,  copper  sulphide  or  Abel's 
composition. 

2d.  Dynamo-electric  fuzes,  or  those  in  which  the  second- 
ary conductor  has  a  comparatively  low  resistance ;  such  as 
fine  platinum,  iron,  or  German-silver  wire. 

The  M.  E.  fuzes  are  used  with  Wheatstone's,  Beardslee's 
and  similar  machines.  The  fuze  consists  essentially  of  a 
break  in  a  circuit  which  is  bridged  by  a  layer  of  plumbago 
or  composition,  which,  when  heated  by  the  passage  of  the 
current,  burns  and  ignites  the  charge  of  the  fuze.  These 
fuzes  are  always  of  high  resistance,  but  are,  however,  safe, 
owing  to  the  fact  that  no  very  sensitive  composition  is  used 
in  their  construction ;  but  those  of  the  same  manufacture 
vary  greatly,  both  in  resistance  and  the  strength  of  current 
required  to  fire  them. 

The  principal  objections  to  this  class  of  fuze  are  — 

1st.  The  great  resistance  of  the  fuze  makes  perfect  insu- 
lation of  all  leading  wires  used  in  connection  with  them 
necessary;  for  any  defect  of  insulation,  particularly  when 
working  under  water,  would  probable  offer  less  resistance  to 
the  passage  of  the  current  than  the  fuze  itself,  and  the 
greater  part  of  the  current  would  thus  be  diverted  from  the 
fuze. 

2d.  Their  unavoidable  lack  of  uniformity  in  resistance 
and  strength  of  current  required  to  fire  them. 

3d.  Their  liability  to  be  rendered  worthless  by  the 
displacement  of  the  plumbago,  from  handling  or  other 
causes. 

The  D.  E.  fuzes  are  used  with  galvanic  batteries,  —  Far- 
mer's, Gramme's  and  like  machines. 

The  essential  feature  in  the  construction  of  all  fuzes  of 
this  class  is  the  introduction  in  a  circuit  of  a  fine  metallic 
wire,  which,  when  heated  by  the  passage  of  a  current,  fires 
the  priming  material,  or  in  some  instances  the  charge  of  the 
fuze  itself,  placed  in  contact  with  it. 

These  fuzes  are  generally  of  low  resistance  and  require  a 
moderately  strong  current  to  fire  them ;  and  by  care  in  con- 
struction, great  uniformity  in  resistance  can  be  obtained, 
and  much  greater  regularity  in  the  strength  of  current 
required  to  fire  them  than  with  the  other  classes. 

The  principal  advantages  of  this  class  of  fuze  are  — 

1st.  Uniformity. 

2d.  Safety. 
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3d.  Owing  to  their  low  resistance,  moderate  defects  of 
insulation  will  not  prevent  the  firing  of  the  fuze.* 

4th.  The  condition  of  the  fuze  (even  after  it  has  been 
placed  in  the  charge)  can  always  be  safely  tested  by  the  pas- 
sage of  a  weak  current,  and  the  certainty  of  firing  be  thus 
demonstrated. 

5th.  The  fuze  is  not  likely  to  be  damaged  by  handling, 
storage  or  transportation. 

6th.  The  machines  used  in  connection  with  them  require 
but  little  care,  and  are  not  likely  to  get  out  of  order. 

Fuzes  of  the  various  classes,  with  their  appropriate  ma- 
chines, have  from  time  to  time  been  used  in  the  Navy ;  but 

finally  the  Farmer  machine  and  the 
D.  E.  fuze  have  been  adopted.  Two 
forms,  known  as  the  D.  E.  igniter  and 
the  D.  E./«2e,  are  issued. 

1293.  THE  DYNAMO-ELECTRIC  IG- 
NITER now  supplied  to  the  service 
(Fig.  365)  consists  of  a  hard  wooden 
plug,  a,  half  an  inch  in  length,  and 
about  -j3g  of  an  inch  in  diameter,  hav- 
ing a  score  cut  about  its  centre,  and 
a  longitudinal  groove  on  either  side 
(the  bottoms  of  which  are  -^  of  an 
inch  apart)  for  the  reception  of  the 
copper  wires.  There  are  also  two  cot- 
ton-covered (braided)  copper  wires, 
which  are  twisted  together  for  about 
an  inch,  and  are  stripped  of  their 
insulation  almost  to  the  twist.  These 
uncovered  parts  are  pressed  firmly 
into  the  grooves  in  the  sides  of  the 
plug,  and  cut  off  so  that  they  pro- 
ject about  ^  of  an  inch  above  the 
plug ;  the  ends  of  the  wires  are  now 
split  with  a  very  fine  saw,  and  the 
distance  between  the  ends  carefully 
adjusted  to  T3g  of  an  inch,  after  which 

platinum  wire  No.  40  is  stretched  between  them  to  form 
the  bridge,  and  securely  soldered  to  the  ends  of  the  split 
wires,  i  i. 

A  wisp  of  gun-cotton,  /,  is  next  wrapped  around  the  plat- 

*  With  the  large  Farmer  machine  and  the  D.  E.  igniter  200  feet  of  naked 
No.  16  wire,  submerged  in  sea-water,  have  been  tired  through. 


FIG.  367. 
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inum  wire,  and  the  ends  of  the  copper  wire  pinched  together 
sufficiently  to  take  all  strain  off  the  platinum  wire.  The 
plug  is  now  inserted  in  a  hollow  wooden  case,  b,  two  inches 
long,  countersinking  it  about  an  eighth  of  an  inch.  The 
resistance  of  the  wire  is  next  found,  and  marked  upon  the 
case  ;  it  should  fall  between  0.40  and  0.45  ohms.  The  upper 
part  of  the  case  is  filled  with  rifle-powder,  the  top 
being  closed  with  a  disk  of  cork,  over  which  is 
poured  some  water-proof  composition,  and  the 
whole  is  properly  coated  with  shellac  to  render  it 
water-proof. 

1294.  THE  DYNAMO-ELECTRIC  FUZE  is  made  by 
enclosing  one  of  the  D.  E.  igniters  in  a  stout  paper 
case  about  six  inches  in  length,  which  is  filled  with 
rifle-powder  to  give  more  flame  and  consequently  a 
more  perfect  ignition  of  the  charge  than  can  be  ob- 
tained by  the  igniter  alone.  (Fig.  368.) 

The  ends  of  the  case  are  properly  closed,  a 
wooden  plug,  B,  with  grooves  cut  in  the  sides  for 
the  wires,  being  used  for  the  bottom,  and  a  disk  of 
cork  for  the  top,  which  is  coated  with  collodion, 
and  seals  the  cork  firmly  into  the  case.  The  fuze 
is  given  two  coats  of  brown  shellac.  The  ends  of 
the  wires  below  the  plug  are  stripped  of  their 
covering  and  brightened. 


Section  IV.  —  Signals. 

1295.  KINDS.  —  The  preparations  employed  for 
signals  are  :  rockets,  signal-lights,  Navy  red,  white, 
and  blue  lights. 

1296.  SIGNAL-ROCKETS.  —  A  signal-rocket  is  a 
cylindrical  case  of  paper  or  metal,  a  (Fig.  369), 
attached  to  one  extremity  of  a  light  wooden  rod,/, 
and    containing    an    inflammable    composition,    b, 
which,  being  fired,    shoots   the   whole   of  the   ar- 
rangement through  the  air,  by  the  principle  that  an  unbal- 
anced reaction  from  the  heated  gases  which  issue  from  open- 
ings in  fireworks,  gives  them  motion  in  the  opposite  direc- 
tion.    The  principle  parts  of  a  signal-rocket  are:  the  case,  a; 
the  composition,  b  ;  the  head,  c  ;  the  decorations,  e  ;  and  the 
stick,  /. 

1297.  Case.  —  The  case  is  made  by  rolling  stout   paper 
covered  on  one  side  with  paste  around  a  former,  and  at  the 
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same  time  applying  a  pressure  until  all  the  layers  adhere  to 
each  other.  The  vent  is  formed  by  choking  one  end  of  the 
case  while  wet,  and  wrapping  it  with  twine. 


FIG.  3G9. 

The  paper  case  is  covered  outside  with  paste,  and  en- 
closed in  a  cylindrical  case  of  tin,  lT3g  inches  in  diameter 
and  9  inches  long.  The  lower  edges  of  the  tin  case  are 
turned  under  slightly,  to  keep  the  paper  case  from  going 
through. 

1298.  Composition.  —  A  variety  of  compositions  are  em- 
ployed for  signal-rockets ;  the  best  can  only  be  determined 
by  trial,  as  it  varies  with  the  condition  of  the  ingredients. 

The  following  proportions  are  used  in  the  Naval  Labora- 
tory : 

Nitre 4  Ibs.  8  oz. 

Sulphur 1.2  oz. 

Charcoal  .  . .  , 2  Ibs. 

Mealed  powder 4  oz. 

To  increase  the  length  and  brilliancy  of  the  trail,  add 
steel  or  cast-iron  filings. 

1299.  Driving.  —  The  case  is  placed  in  a  bronze  mold, 
which  has  a  conical  spindle  attached  to  the  centre  of  its  base 
to  form  the  bore,  g.  This  spindle  is  made  of  steel,  6£  inches 
long,  and  goes  up  through  the  vent  into  the  centre  of  the 
case,  having  a  hemispherical  bottom  to  fit  the  choke,  h. 

The  composition  is  driven  with  a  screw-press  regulated 
to  a  pressure  of  about  5  tons.  The  first  and  second  drifts 
are  made  hollow  to  fit  over  the  spindle,  and  the  third  is  solid. 
A  small  ladleful  of  pulverized  clay  is  first  put  in  and  pressed 
down  around  the  spindle,  forming  a  bottom  i  inch  thick. 
The  composition  is  next  put  in,  a  ladleful  at  a  time,  each  one 
pressed  down  separately. 

The  top  of  the  case  is  closed  with  clay,  which  is  one 
diameter  thick,  and  perforated  with  a  small  hole  for  the  pas- 
sage of  the  flame  from  the  burning-composition  to  the  head ; 
through  this  hole  a  strand  of  quick-match  is  placed. 

The  rocket  is  primed  by  inserting  one  end  of  a  strand  of 
quick-match,  eight  or  ten  inches  long,  through  the  vent  into 
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the  bore,  and  coiling  the  remainder  in  the  recess  formed  by 
the  choke.  A  piece  of  paper  is  pasted  over  the  end  to  pro- 
tect it. 

1300.  Head.  —  The  head  is  formed  by  a  tin 
cylinder  1  ^  inches  diameter  and  2|  inches  long, 
joined  to  a  hollow  tin    cone    2£   inches   high, 
making  the  length  of  head  5  inches.    (Fig.  370.) 

The  long  tin  case  goes  about  £  inch  into  the 
cylindrical  part  of  the  head,  and  a  piece  of  paper 
is  pasted  over  the  joint.  The  object  of  the  head 
is  to  contain  the  decorations,  which  are  scattered 
through  the  air  by  the  explosion  which  takes 
place  when  the  rocket  reaches  the  summit  of 
its  trajectory.  The  explosion  is  produced  by  a 
small  charge  of  rocket  composition,  which  is  put 
into  the  head  with  the  decorations.  When  the 
composition  is  consumed,  the  bursting-charge 
explodes  the  head  and  ignites  the  decorations, 
which,  falling,  produce  a  brilliant  light  that  can 
be  seen  at  a  great  distance. 

1301.  Decorations.  —  The  decorations  of  rock- 
ets are  of  various  kinds ;  those  used  in  the  Navy 
are  white  stars. 

Stars.  —  Stars  are  formed  by  driving  the 
composition  moistened  with  alcohol  and  gum- 
arabic  in  solution  in  port-fire  molds,  or  molding 
it  in  brass  cylinders  of  the  desired  diameter. 
It  is  then  cut  into  short  lengths  and  dredged 
(sprinkled)  with  mealed  powder.  The  gum- 
arabic  is  intended  to  give  such  consistency  to 
the  stars  that  the  explosion  of  the  head  of  the 
rocket  may  not  break  them  in  pieces,  and  thereby  destroy 
the  effect. 

White  Star  Composition. 

Nitre 3J  oz. 

Sulphur 1£  oz. 

Mealed  powder I  oz. 

1302.  Sticks.  —  The   stick   is   a   tapering   piece   of  pine, 
about  nine  times  the  length  of  the  case,  and  the  large  end  is 
tied  to  the  side  of  the  case,  to  guide  the  rocket  in  its  flight, 
as  it  has  no  rotary  motion. 

The  common  centre  of  gravity  of  the  rocket  and  stick  is 
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a  little  below  the  former.  .oThe  stick  counteracts  by  the 
resistance  of  the  air  upon  it  Mil  tendency  to  turn  over,  and 
maintains  the  rocket,  during  its  flight,  as  nearly  as  possible 
in  the  direction  in  which  it  is  fired. 

1303.  Motive-power.  —  The  object  of  having  the  cavity  or 
bore  in  the  interior  of  the  rocket  is,  that  a  large  surface  of 
composition  may  be  at  once  ignited  when  the  rocket  is  fired, 
and  so  great  a  quantity  of  gas  generated  in  the  case  that  it 
cannot  escape  from  the  vent  as  quickly  as  formed,  and  there- 
fore exerts  a  pressure  in  every  direction  on  the  interior  sur- 
face of  the  rocket.     The  pressures  on  the  sides  of  the  rocket 
mutually  balance  each  other,  but  the  pressure  on  the  head  is 
greater  than  that  on  the  base,  in  consequence  of  the  escape 
of  gas  from  the  vent ;  it  is  in  this  excess  of  pressure  on  the 
head  over  that  on  the  base  which  causes  the  rocket  to  move 
forward,  this  being  merely  a  similar  action  to  the  recoil  of 
a  gun. 

The  force  which  produces  motion  in  a  rocket  is  therefore 
different  from  that  which  acts  upon  a  projectile  fired  from  a 
piece  of  ordnance  ;  the  former  is  a  constant  force  producing 
accelerated  motion  in  the  rocket  until  the  resistance  of  the 
air  is  equal  to  the  force  or  the  composition  is  consumed ; 
while  the  latter  may  be  considered  merely  as  an  impulsive 
force,  which  ceases  to  act  upon  the  projectile  when  it  has  left 
the  bore  of  the  piece. 

1304.  PACKING   ROCKETS.  —  The  cases  are  painted  red 
and  packed  in  laboratory-boxes,  30  to  50  in  a  box.      The 
sticks  are  tied  up  in  bundles  and  packed  separately. 

1305.  FIRING  ROCKETS.  —  A  few  rockets  are  always  kept 
mounted  and  ready  for  use.     To  fire  a  rocket,  the  stick  is 
placed  in  a  trough,  or  tube,  as  a  guide ;  a  musket-barrel  will 
answer  the  purpose.     The  paper  covering  the  bottom  is  torn 
off,  exposing  the   priming.      Holding  the  guide  vertical  or 
nearly  so,  a  slow-match  is  applied  to  the  priming,  which  ig- 
nites  the   composition.      The  inflamed  gas  issues  violently 
from  the  bottom  of  the  case  as  the  rocket  ascends. 

The  time  of  ascent  is  from  7  to  10  seconds,  and  they  will 
attain  a  height  of  about  500  yards. 

Under  favorable  circumstances  a  signal-rocket  may  be 
seen  within  a  circuit  of  from  30  to  40  miles.  In  mounting 
rockets  the  stick  is  attached  so  that  it  will  hang  end  down, 
when  supported,  close  up  alongside  the  bottom  of  the  rocket. 

1306.  COSTON  SIGNAL-LIGHTS.  —  These  consist  of  red, 
green,  and  white  lights,  and  their  various  combinations,  rep- 
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resenting  the  different  numbers  and  pendants.     The  colors 
assimilate  as  far  as  possible  with  those  of  the  day -flags. 

1307.  The  case  is  made  of  fuze-paper  3  inches  long  and 
li  inches  in  diameter.  A  cylindrical  block  of  soft  wood 
£  inch  long  forms  the  bottom,  A,  with  a  wooden  nipple  at- 
tached, to  fit  into  the  signal-holder,  or  firing-pistol.  (Fig. 
371.)  Through  the  centre  of  the  bottom  is  a  small  hole, 
with  a  thin  copper  tube  T3g  inch  in  diameter,  B,  extending 
through  the  middle  of  the  case  to  within  J  inch  of  the  top. 


FIG.  371. 

Hollow  drifts  are  used  in  filling,  which  are  struck  15  moder- 
ate blows  with  a  half-pound  mallet  for  each  charge.  The 
case  is  filled  to  the  top  of  the  copper  tube ;  the  last  charge 
being  i  ounce  of  mealed  powder.  A  small  strand  of  quick- 
match  is  put  through  the  copper  tube  and  wooden  bottom, 
the  upper  end  stitched  to  the  side  of  the  paper  case  above 
the  mealed  powder,  and  the  lower  end  split  to  make  sure  of 
its  ignition  by  the  cap  from  the  pistol.  (Fig.  372.) 

The  top  of  the  case  is  covered  with  a  thin  wafer  of  brown 
paper,  immediately  over  the  quick-match  and  mealed  powder  ; 
then  over  all  is  a  pasteboard  top,  with  a  rim  secured  to  the 
body  of  the  case  by  a  strip  of  paper  pasted  on  both,  C.  The 
wooden  bottom  is  covered  with  shellacked  paper.  The  signal 
is  finally  covered  with  white,  red,  or  green  paper,  according 
to  the  color  of  the  composition,  and  packed  in  laboratory- 
boxes  for  issue. 

The  several  colors  in  the  Coston  signals  are  intended  to 
burn  from  8  to  10  seconds. 

In  a  signal  composed  of  three  colors,  1£  charges  of  the 
composition  of  the  last  color  to  be  burned  are  put  in  first 
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and  driven ;  a  thin  circular  disk  of  paper  is  put  in  the  case 
on  top  of  this  composition,  then  1£  charges  of  the  second 
color  are  put  in  and  driven,  a  piece  of  paper  put  on,  and  then 
li  charges  of  the  first  color  to  be  burned  and  driven. 


FIG.  372. 

When  a  signal  is  composed  of  but  two  colors,  the  lower 
third  of  the  paper  case  is  filled  with  powdered  clay,  and 
driven  the  same  as  the  composition,  then  on  top  of  this  clay 
the  second  colored  composition  is  driven,  and  on  that  the 
first.  When  but  one  color  forms  a  signal,  two-thirds  of  the 
case  is  first  filled  with  clay,  and  the  composition  driven  in 
the  upper  third. 

1308.   Composition  of  White  Signals. 

5  parts  of  Sublimate  of  Sulphur. 


5 

2 

3 

i 

24 


Sulphuret  of  Antimony. 
Red  Oxide  of  Lead. 
Sulphuret  of  Arsenic. 
Bleached  Shellac. 
Nitrate  of  Potash. 


For  the  Red  Light. 

16  parts  of  Chlorate  of  Potash. 
6        "        Oxalate  of  Strontium. 

"        Bleached  Shellac. 
2        "        Sugar  of  Lead, 
i      "        Desiccated  Lamp-black. 

For  the  Green  Light. 

4  parts  of  Chlorate  of  Mercury. 
2        "        Bleached  Shellac. 
12        "        Chlorate  of  Barium. 
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1309.  RED,  WHITE,  AND  BLUE  LIGHTS  are  made  in  the 
same  manner  as  the  Coston  signals,  and  are  of  the  same  size. 
They  only  differ  in  the  burning  composition,  which  is,  for 
the 

Navy  White  Light. 

Composed  of  68  parts  of  Nitre. 

18  Sulphur. 

13        "        Mealed  powder. 

4£      "        Orpiment. 

3£      "        Antimony. 

Navy  Red  Light. 

Composed  of  64  parts  of  Strontium. 
20        "        Shellac. 
37        "        Chlorate  Potash. 
3        "        Charcoal. 
7        "        Sulphate  Antimony. 

Navy  Blue  Light. 

Composed  of  24  parts  of  Ammoniated  Copper. 
18        "        Oxide  of  Copper. 
12        «        Shellac. 

6         "        Orpiment. 
68        "        Chlorate  of  Potash. 

1310.  STOWAGE  OF  FIREWORKS.  —  The  fireworks,  after 
carefully  removing  all  fulminating  matter,  such  as  caps  or 
primers,  if  any  such  be  used  to  ignite  them,  are  stowed  in 
their  proper  packing-boxes,  or  other  light  boxes  of  suitable 
length,  made  water-tight  and  secured  with  lock  and  key. 

These  boxes  are  made  to  fit  between  the  beams  and  car- 
lines  of  the  gun-decks  of  frigates  and  berth-decks  of  single- 
decked  vessels. 

Those  for  instant  use  are  placed  near  the  after-hatch,  and 
the  remainder  abaft  that  position,  if  possible,  so  as  to  be  con- 
stantly under  the  care  of  the  sentinel  at  the  cabin-door.  In 
no  case,  however,  are  they  to  be  placed  over  any  standing 
light  or  lantern  on  any  deck. 

Section  V.  —  Preparing  Ammunition. 

1311.  COMPOSITION.  —  Ammunition  is  composed  of  pro- 
jectiles, cartridges,  etc. 

The  cartridges  and  projectiles  used  with  heavy  ordnance 
are  fitted  and  stored  separately. 
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1312.  MAKING    CARTRIDGE-BAGS.  —  Cartridge-bags   are 
made  of  two  shapes :  conical,  for  goraer-chambers,  and  cylin- 
drical for  other  ordnance.    The  cartridge-cloth  from  which  the 
bags  are  made  is  woven  expressly  for  the  purpose,  being 
entirely  of  wool,  and  of  close  and  uniform  texture.     It  is 
manufactured  in  pieces  varying   in  width  from  sixteen  to 
thirty-six  inches;  the  different  widths  being  adapted  for  the 
several  lengths  of  cylinders  to  save  waste  in  cutting. 

Cartridge-bags  for  cylindrical  chambers  are  made  of  a 
rectangle  to  form  the  cylinder,  and  a  circular  piece  to  form 
the  bottom.  The  flat  patterns  are  consequently  to  be 
made  rectangular  for  the  cylindrical  part  of  the  bag,  and 
circular  for  the  bottom.  The  length  of  the  rectangle  is 
equal  to  the  development  of  the  cylinder,  together  with  the 
allowance  for  seam ;  and  its  width,  to  the  whole  length  of 
the  bag  before  sewing,  including  the  allowance  for  seam  and 
tie.  Special  patterns  are  furnished  for  those  of  XV-in.,  XI- 
in.,  and  IX-in.  guns. 

Cartridges  for  gomer-chambered  ordnance  are  made  coni- 
cal in  shape,  and  out  of  two  pieces.  In  cutting,  the  length 
of  the  rectangle  should  be  taken  in  the  direction  of  the 
length  of  the  stuff,  as  it  does  not  stretch  in  that  direction, 
and  the  material  should  be  chosen,  as  nearly  as  possible,  of 
the  width  required  for  the  length  of  the  bags,  to  save  waste 
in  cutting.  • 

The  bags  are  sewn  with  worsted  yarn,  with  not  less  than 
eight  stitches  to  the  inch ;  they  are  stitched  within  .4  of  an 
inch  of  each  edge,  and  the  two  edges  of  the  seam  felled 
down  upon  the  same  side,  to  prevent  the  powder  from 
sifting  through.  The  edges  of  the  bottom  are  felled  down 
upon  the  sides. 

The  bags  when  filled  are  tied  with  woollen  thrums. 

1313.  Cartridge-bag s for  Saluting-charges. —  Old  cartridge- 
bags   which  have  been  condemned  for  service-charges   are 
repaired  and  used  for  saluting-charges ;  and  whenever  it  is 
necessary  to  make  bags  expressly  for  the  purpose,  or  for  im- 
mediate use,  they  are  formed  by  sewing  together  two  rectan- 
gular pieces  with  semicircular  ends. 

1314.  Inspection.  —  The  material  especially  procured  for 
cartridge-bags  is  carefully  inspected,  to  detect  any  mixture 
of  cotton  with  the  wool,  by  burning  a  few  bits  taken  at 
hazard  from  each  piece,  or  by  dissolving  it  in  a  solution  of 
half  an  ounce  of  caustic  potassa  in  a  pint  of  water  —  the 
cloth  is  put  in  when  the  water  is  boiling,  which  is  continued 
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until  dissolution  takes  place.  The  texture  of  the  stun0  is 
also  examined  and  its  strength  tried,  such  standard  for  the 
latter  being  established  as  is  found  sufficient  to  insure  per- 
fect efficiency. 

1315.  Preservation.  —  Cartridge-bags,  as  well  as  the  mate- 
rial for  making  them,  are  frequently  examined,  to  prevent 
their  being  damaged  by  moisture,  as  well  as  to  guard  against 
moths.     And  they  are  never  exposed  on  the  shelves  in  store, 
but  are  carefully  packed  by  hydraulic  press  in  linen  cloth, 
or  by  enveloping   them   in  water-proof  paper  hermetically 
sealed. 

1316.  FILLING    CARTRIDGE-BAGS.  —  Standard    powder- 
measures  for  filling  cartridges  for  great  guns  are  distributed 
as  they  may  be  required  for  the  use  of  vessels  and  shore- 
magazines.     As   the    gravimetric  density  of  powder  varies 
from  860  to  940,  the  weight  of  the  contents  of  ten  measures 
should   be   ascertained    for  each   lot,    and   allowance   made 
accordingly   before    filling   the    cartridges.      In   taking   the 
weights,  the   powder   is  scooped   up  from    the   filling-chest 
with   the   measure    until   it   is   heaped,  tapped  twice   mod- 
erately on  the  sides  with  the  palms  of  the  hands,  and  then 
struck  with  a  wooden  straight-edge.     If  the  weight  differs 
materially  from  that  marked  on  the  measure,  a  small  com- 
pensating-measure  is  used  to  supply  the  deficiency  or  remove 
the  excess. 

When  cartridges  are  filled  for  issue,  the  powder  is 
selected,  as  far  as  practicable,  from  deliveries  made  by  the 
same  person,  and  at  the  same  time  or  date. 

1317.  Marking  Cartridge-bags.  —  The  color  of  the  cloth  is 
white ;  and  when  made  up  each  bag  is  stencilled  in  black  with 
the  calibre  of  gun  and  weight  of  charge  in  figures  two  and  a 
half  inches  long,  for  all  service-charges. 

The  cylinders,  or  cartridge-bags,  in  which  the  powder  is 
put  up  for  "  saluting,"  "  torpedo,"  "  howitzer,"  "  shell-pow- 
der," or  "  shell-charges,"  are  also  distinctly  stencilled  as  such 
in  the  same  manner. 

1318.  SERVICE-CHARGES.  -  -  There     are     certain    fixed 
charges  termed  service-charges  for  all  guns. 

The  amount  of  powder  in  the  service-charge  of  a  gun 
should  be  such  that  it  will  give  the  greatest  initial  velocity 
to  the  projectile  without  too  great  strain  on  the  metal  of  the 
piece,  or  a  too  violent  recoil  of  the  gun. 

Saluting-charges  are  of  under-proof  powder. 

Experiments  have  established  the  ability  of  our  XV-inch 
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guns  to  endure  charges  of  100  Ibs.  of  powder  and  a  solid 
shot,  and  it  is  believed  that  they  will  stand  even  heavier 
charges. 

The  service  demanded  of  them  requiring  a  wide  range  of 
charge,  the  service-charge  varies  with  the  object  to  be  at- 
tained. 

1319.  FOE  MORTARS.  —  The  bag  is  only  used  to  carry 
the  powder,  and  when  the  piece  is  loaded  the  powder  is 
poured  into  the  chamber;    bags  of  any  suitable    size  will 
answer  for  this  service. 

1320.  FOR  HOT-SHOT.  —  Cartridge-bags  should  be  made 
double  by  putting  one  bag  within  another.      The   charge 
ought  not  to  exceed  three-fourths  the  service-charge,  for  in 
consequence  of  the  expansion  of  the  shot  the  windage  is  re- 
duced and  a  greater  strain  will  be  exerted  on  the  metal  of 
the  gun.     The  expansion  of  the  gas  will  also  be  increased  by 
the  heat  generated  within   the   bore ;   and,  moreover,  very 
great  penetration  is  not  required,  the  object  to  be  attained 
being  that  the  shot  shall  merely  lodge  in  the  timber. 

1321.  STRAPPING  SHELL. — All  spherical  shell  and  shrap- 
nel are  fitted  with  sabots. 

The  sab<5t  is  a  thick  circular  disk  of  wood,  cut  with  the 
grain  running  plank-ways,  about  three-fourths  of  an  inch 
less  in  diameter  than  the  projectile,  and  with  a  cavity  or 
saucer  on  one  end  to  receive  it.  The  projectile  is  secured 
to  it  with  four  straps  of  tin.  The  straps  are  fastened  to  a 
ring  of  tin  encircling  the  fuze-hole  by  cutting  four  slits  in 
the  ring,  into  which  the  upper  ends  of  the  straps  are  hooked, 
turned  down  on  the  inside  of  the  ring,  and  soldered.  The 
lower  ends  of  the  straps  are  tacked  to  the  side  and  under 
the  bottom  of  the  sab6t,  at  equal  distances  from  each  other. 
A  piece  of  twine  is  passed  around  between  the  sabot  and 
projectile  to  frap  the  parts  together. 

The  English  attach  the  sabot  by  a  single  expanding  rivet 
through  its  centre,  the  hole  in  the  projectile  into  which  the 
rivet  fits  being  under-cut,  so  that,  on  a  blow  being  given,  the 
end  bulges  out  and  grips  the  edge  of  it.  This  method  is 
preferable  to  the  straps. 

1322.  Advantages.  —  The  sab6t  secures  the  position  of  the 
fuze  in  loading,  which  should  be  in  the  axis  of  the  piece  and 
from  the  cartridge.     It  moderates  the  action  of  the  powder 
on  the  projectile  and  helps  to  keep  the  projectile  in  its  place. 
The  fragments  of  the  sabot  are  scattered  as  soon  as  the  pro- 
jectile leaves  the  bore  of  the  piece. 
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1323.  FILLING  SHELL.  —  All  shell  are  filled  with  shell- 
powder  of  the  highest  initial  velocity.     The  shell  must  be 
filled,  and  the  powder  well  shaken  down,  leaving  room  only 
for  the  insertion  of  the  fuze.*    A  wooden  plug  the  size  of  the 
lower  part  of  the  fuze  will  always  determine  this. 

The  bursting-charges  of  shell  for  rifle-guns  are  enclosed  in 
bags  of  serge  or  woollen  stuff  to  prevent  premature  explosions. 

1324.  FILLING  BATTERING  SHELL.  —  The  shell  is  placed 
upon  its  point  in  a  block  of  wood  hollowed  out  for  the  pur- 
pose, and  the  base-plug  is  unscrewed. 

The  filling-rod  (a  round  piece  of  wood  long  enough  to 
reach  the  bottom  of  the  cavity  in  the  shell,  and  project 
sufficiently  to  be  taken  hold  of)  is  inserted  into  the  shell- 
bag,  and  the  bag  is  folded  around  it  so  as  to  be  easily  inserted 
through  the  filling-hole  of  the  shell.  The  bag  is  entered, 
and  when  it  touches  the  bottom  of  the  cavity  the  rod  is 
worked  so  as  to  open  the  bag,  being  careful  not  to  make 
a  hole  in  it;  the  rod  is  then  removed,  and  powder 
poured  in  until  the  bag  is  full.  It  is  necessary  to  lift 
and  shake  the  bag  while  filling.  The  bag  being  full,  it  is 
tied  so  that  the  powder  cannot  get  out,  sufficient  room 
being  left  in  the  neck  to  push  in  the  tie  and  insert  the  base- 
plug. 

A  leather  washer  must  always  be  placed  under  the  base- 
plug,  and  the  plug  well  set  up. 

The  charge  of  a  battering-shell  (8-in.)  averages  three 
pounds. 

1325.  FILLING  SHRAPNEL.  —  To  fill  a  shrapnel  a  funnel 
is  screwed  into  the  fuze-hole,  and  the    case  filled  with  the 
requisite  number  of  balls.     A  round,  hollow  steel  mandrel, 
made  slightly   tapering    towards   the   lower   end,    which    is 
rounded  off,  and  having  a  score  cut  on  either  side  throughout 
its  length,  to   admit  of   a  free  passage    for  the  melted  sul- 
phur to  the  interior  of  the  shrapnel,  is  driven  and  worked 
through  the  fuze-hole  to  the  bottom  of  the  case.     The  pro- 
jectile is  then  thoroughly  warmed,  generally  in  warm  water, 
to  prevent  the  cold  metal  from  solidifying  the  sulphur  before 
it  has  filled  all  the  interstices. 

It  is  then  filled  with  melted  sulphur,  and  as  soon  as  the 
sulphur  is  set,  the  mandrel  is  withdrawn  ;  this  is  accom- 
plished by  first  heating  it  from  the  interior  by  the  insertion 
of  a  hot  rod,  when  it  is  readily  removed.  The  funnel  is  also 

*  The  safety-plugs  are  always  removed  from  time-fuzes  before  they  are 
inserted  in  rifle-projectiles. 
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removed,  and  the  magazine  formed  by  the  mandrel  is  cleaned, 
and  the  fuze-hole  carefully  tapped  out. 

In  this  magazine  is  deposited  the  charge  of  powder,  where 
it  is  protected  against  all  injury  from  the  movement  of  the 
balls.  By  this  arrangement  the  quantity  of  powder  required 
to  open  the  shrapnel  is  very  small,  and  the  bullets  are  pre- 
vented from  striking  by  their  inertia  against  the  sides  of  the 
case  and  cracking  when  the  piece  is  fired. 

Lead  being  much  more  dense  than  iron,  the  shrapnel  is, 
when  loaded,  nearly  as  heavy  as  a  solid  shot  of  the  same 
calibre  for  the  lighter  guns.  A  shell  of  this  class  is,  in  fact, 
simply  a  canister-shot  adapted  to  long  range.  The  rupture 
may  be  made  to  take  place  at  any  point  of  its  flight ;  and  in 
this  respect  it  is  superior  to  canister  and  grape,  which  begin 
to  separate  the  moment  they  leave  the  piece. 

The  Bursting-charges  for  Shell  are  made  up  in  cotton  bags, 
and  packed  in  separate  tanks.  Shells  are  filled  by  capacity, 
and  not  by  weight.  When  it  is  not  required  to  burst  the 
shell,-  but  merely  to  blow  the  fuze  out  at  practice,  small 
charges  called  "  blowing-charges  "  are  used.  In  naval  prac- 
tice, however,  it  is  seldom  possible  to  recover  the  shells. 

1326.  Whenever  it  is  necessary  to  load  and  fuze  shell  on 
board  ship,  —  a  properly  secured  place  being  first  prepared, 
not  in  the  shell-room,  and  as  far  as  convenient  from  the  maga- 
zine, —  the   shell,  being   strapped   and    sab6ted,  are   to   be 
examined  to  see  that  they  are  clean,  both  inside  and  out,  and 
thoroughly  dry.     The  greatest  care  is  taken  to  remove  every 
particle  of  sand  or  fragment  of  iron  from  the  interior.     The 
prescribed  charge  of  powder  is  next  poured  into  them  through 
a  proper  funnel,  care  being  taken  that  the  end  of  the  funnel 
passes  below  the  screw-thread  in  the  top,  or  bouching,  to  pre- 
vent any  grains  of  powder  from  entering  it.     Any  grains  of 
it  which  may  remain  sticking  to  the  thread  of  the  bouching 
are  brushed  away  carefully,  and  then,  after  putting  a  light 
coat  of  lacquer  for  small  arms,  or  sperm-oil,  on  this  thread 
and   on  that  of  the  fuze,  the  latter  is  screwed  in  carefully 
with  the  fuze-wrench.     The  fuze  must  be  screwed  in  tight, 
care  being  taken  to  have  the  proper  leather  washer  under 
the   head.     The  lacquer  should   be    of  the    consistency  of 
cream,  and  when,  from   evaporation,   it   becomes   too   stiff, 
should  be  thinned  by  adding  more  spirits  of  turpentine. 

1327.  The  date  when  shell  are  fuzed  or  filled,  as  well  as 
that  on  which  any  of  these  arrangements  are  changed,  or  the 
shell  are  examined  before  issue,  together  with  the  initials  of 
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the  officer  superintending  these  operations,  should  be  legibly 
written  and  pasted  on  the  shell. 

Projectiles  are  filled  only  as  required  for  ships  fitting  for 
sea.  No  projectile  should  be  fuzed  until  it  has  been  filled, 
and  they  must  be  fuzed  as  soon  as  filled. 

1328.  PACKING.  —  Loaded   shell,  as  well   as  the  sab5ts 
attached,  are  painted  red,  and  placed  in  boxes  marked  with 
a  red  cross  on  the  sides,  and  with  the  length  of  the  fuze  in 
black. 

All  spherical  shell  are  packed  singly.  The  smaller  cali- 
bres of  rifled  shell  are  packed  several  in  a  box,  and  the 
larger  calibres  singly. 

1329.  WADS.  —  No  wad  is  required  over  a  shell,  but  a 
grommet-wad  may  be  used  in  heavy  rolling,  or  to  prevent 
the  projectile  moving  forward  should  the  bore  be  depressed  r 
also  if  it  is  shaken  by  the  running  out  of  the  gun. 

When  loading  with  shot,  a  grommet-ivad  is  placed  over  it. 
No  wad  is  placed  between  the  charge  and  the  projectile  in 
ordinary  service,  and  it  is  positively  prohibited  to  place  a 
wad  over  an  elongated  projectile. 

1330.  A  grommet-wad   consists   of  a   selvagee,  or   circle- 
of  rope  equal  in  diameter  to    the   bore  of  the  gun.      The 
wads  are  made  by  a  wad-machine,  which  consists  of  pairs  of 
disks  adapted  to  each  calibre  of  guns,  which,  being  placed 
face  to  face  on  a  spindle  and  keyed,  present  an  annular  score 
grooved  in  such  a  way  as  to  make,  when  fitted,  a  grommet  of 
the  required  size.     Transverse  notches  are  cut  in  the  circum- 
ference of  the  disks  to  the  bottom  of  the  score,  for  the  con- 
venience of  marling  the  wad  before  taking  it  off  the  mold. 
In  making  the  wad,  the  end  of  a  rope-yarn  is  left  in  the 
score,  and  the  mold  is  turned  by  a  crank  until  the  score  is 
filled. 

The  grommet  thus  formed  is  marled  like  a  selvagee-strap, 
and  a  section  of  about  an  inch  is  taken  out  of  it,  in  order  to 
make  the  wad,  when  swelled  by  the  dampness,  enter  the  bore 
of  the  gun  readily.  Grommet-wads  should  be  made  neither 
too  hard  nor  too  soft ;  and  to  avoid  either  of  these  two 
extremes,  a  sufficient  number  of  hitches  only  is  taken  to 
give  the  wad  the  consistency  required  for  service.  Sections 
of  one-third  or  one-fourth  of  these  wads  will  answer  as  well 
in  case  of  need. 

1331.  Junk-wads  are  now  seldom  used.     They  are  made 
of  oakum  or  cuttings  of  old  junk  compressed  into  a  solid 
cylinder  and  bound  around  with  spun  yarn.      They  are  of 
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similar  diameter  to  the  bore  of  the  gun,  and  somewhat  less 
than  a  calibre  in  thickness. 

1332.  BOAT  AMMUNITION.  —  When  the  cartridge  is  at- 
tached to  the  projectile,  the  two  together  are  termed  "fixed 
ammunition ; "  this  is  employed  for  service  with  boat-howit- 
zers. It  has  the  advantage  of  great  convenience  in  the 
hurried  preparation  that  frequently  precedes  boat  operations, 
and  the  guns  can  be  served  more  rapidly  with  fixed  ammuni- 
tion ;  simultaneous  loading  is  more  simple,  and  the  cartridge 
is  sure  to  be  placed  correctly  in  the  bore,  and  not  with  the 
choked  end  first,  as  is  sometimes  the  case  when  the  projec- 
tile and  cartridge  are  separate. 

Fixed  ammunition  has,  however,  the  disadvantage  that  in 
packing  or  stowing  much  greater  space  is 
required,  and  it  is  more  difficult  to  arrange 
and  to  preserve. 

1333.  STAND    OF    AMMUNITION.  —  A 
stand  of  ammunition  is  composed  of  the 
projectile,  the  sabot,  the   straps,  and   the 
cartridge-bag.     (Fig.  373). 

The  projectiles  used  in  howitzers  are 
shell,  shrapnel,  and  canister. 

For  the  two  former  the  sabot  has  a 
spherical  cavity  and  a  circular  groove  to 
which  the  cartridge-bag  is  tied  ;  in  the 
latter  the  spherical  cavity  is  omitted  and 
a  circular  offset  is  added. 

1334.  PACKING.  —  As  soon  as  the  am- 
munition is  finished  it  should  be  gauged 
to  see  that  it  is  of  the  proper  calibre ;  it 

is  afterwards  packed  in  well-seasoned  pine  boxes,  so  disposed 
that  the  sabSt  may  rest  on  a  ledge  in  the  box,  leaving  the 
charge  below  free  from  any  pressure. 

The  shell,  shrapnel,  and  canister  for  the  12  pdr.  howit- 
zers are  packed  in  boxes  containing  nine  each.  A  fuze-cutter 
(for  the  Bormann  fuze)  is  placed  in  the  rim  of  each  box 
containing  loaded  projectiles.  The  boxes  are  painted  black 
and  marked  with  the  contents.  The  lids  are  fitted  with 
hinges  and  secured  with  screws. 

A  key  is  becketed  to  each  box  for  unscrewing  the  lid. 

In  consequence  of  the  objection  to  packing  powder  in 
wood  on  board  ship,  thereby  rendering  it  more  liable  to  de- 
terioration, various  plans  have  been  suggested  for  fitting 
the  cartridge  to  be  attached  to  the  sabQt  at  will,  and  stowing 
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them  separately ;  and  it  has  been  lately  ordered  that  this  be 
done. 

The  cartridge-bag  has  a  brass  wire  ring  sewed  into  the 
cloth  outside  of  the  tie,  for  the  purpose  of  attaching  it  to 
the  sabot  of  the  projectile,  the  ring  being  made  to  open  and 
fit  into  the  fillet  of  the  sab6t,  being  retained  in  place  by  the 
force  of  the  spring. 

1335.  —  INCENDIARY   PREPARATIONS  are  fire-stone,  car- 
casses, incendiary-match,  and  hot-shot. 

1336.  FIRE-STONE  is  a  composition  that  burns  slowly 
but  intensely ;  it  is  placed  in  a  shell  along  with  the  bursting- 
charge,  for  the  purpose  of  setting  fire  to  ships,  buildings,  etc. 

Composition.  —  It  is  composed  of : 

10  parts  of  Nitre. 
4        "        Sulphur. 
1        "        Antimony. 
3        "        Rosin. 

Preparation.  —  In  a  kettle  in  the  open  air,  melt  together 
one  part  of  mutton-tallow  and  one  part  of  turpentine.  The 
composition,  having  been  pulverized  and  mixed,  is  added  to 
the  melted  tallow  and  turpentine  in  small  quantities.  Each 
portion  of  the  composition  should  be  well  stirred  to  prevent 
it  from  taking  fire,  and  each  portion  should  be  melted  before 
another  is  added. 

How  used.  —  When  fire-stone  is  to  be  used  in  shell  it  is 
cast  into  cylindrical  molds,  made  by  rolling  fuze-paper  around 
a  former  and  securing  it  with  glue.  A  small  hole  is  formed 
in  the  composition  by  placing  a  paper  tube  in  the  centre  of 
each  mold.  When  the  melted  composition  has  become  hard 
this  hole  is  filled  with  a  priming  of  fuze-composition. 

The  object  of  this  priming  is  to  insure  the  ignition  of  the 
fire-stone  by  the  flame  of  the  bursting-charge. 

1337.  CARCASS.  —  A  carcass  is  a  hollow  cast-iron  projec- 
tile filled  with  burning-composition,  the  flame  of  which  issues 
through  several  fuze-holes,  to  set  fire  to  combustible  objects. 

The  fuze-holes  are  situated  in  the  upper  hemisphere,  equi- 
distant from  each  other. 

Composition.  —  The  composition  is  the  same  as  for  port- 
fires, mixed  with  a  small  quantity  of  finely  chopped  tow,  and 
as  much  white  turpentine  and  spirits  of  turpentine  as  will  give 
it  a  compressible  consistency. 

Preparation. — The  composition  is  compactly  pressed  into 
the  carcass  with  a  drift,  so  as  to  fill  it  entirely.  Sticks  of 
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wood  one-half  inch  in  diameter  are  then  inserted  into  each 
fuze-hole  with  the  points  touching  at  the  centre,  so  that  when 
withdrawn  corresponding  holes  shall  remain  in  the  composi- 
tion. In  each  hole  thus  formed  three  strands  of  quick-match 
are  inserted  and  held  in  place  by  dry  port-fire  composition, 
which  is  pressed  around  them.  About  three  inches  of  the 
quick-match  hang  out  when  the  carcass  is  placed  in  the  piece  ; 
previously  to  that  it  is  coiled  up  in  the  fuze-hole  and  closed 
with  a  patch.  The  metal  of  a  carcass  is  considerably  thicker 
than  that  of  a  common  shell,  because,  being  much  weakened 
by  the  vents,  there  would  be  danger  of  the  carcass  breaking 
up  under  the  shock  of  the  discharge  ;  and  besides,  as  the  car- 
cass is  not  required  to  burst,  it  must  have  sufficient  strength 
to  withstand  the  pressure  exerted  upon  it  by  the  gas  which  is 
generated  in  the  interior  by  the  burning-composition. 

A  Common  Shell  may  be  loaded  as  a  carcass  by  placing  a 
bursting-charge  in  first,  and  covering  it  with  carcass-composi- 
tion driven  in  until  the  shell  is  nearly  full,  and  then  inserting 
strands  of  quick-match  secured  by  driving  more  composition. 
This  projectile,  after  burning  as  a  carcass,  explodes  as  a  shell. 
1338.  INCENDIARY-MATCH  is  made  by  boiling  slow-match 
jn  a  saturated  solution  of  nitre,  drying  it,  cutting  it  into 
pieces,  and  plunging  it  into  melted  fire-stone.  It  is  princi- 
pally used  in  loaded  shells. 

1339.  HOT-SHOT  may  be  fired  for  the  purpose  of  setting 
ifire  to  vessels  or  buildings,  though  they  are  rarely  used.  Shot 
of  low  gauge  should  be  chosen  for  this  purpose  with  reduced 
charges.  They  can  be  made  red-hot  in  from  15  to  30  min- 
utes, but  care  must  be  taken  not  to  bring  them  beyond  a 
bright  red,  as  they  are  then  liable  to  fuze  and  become  mis- 
shapen. The  part  resting  on  the  furnace-bars  heats  more 
quickly  than  the  upper  part,  so  they  must  frequently  be 
turned.  Shot  expand  ^  of  their  diameter  when  brought  to 
a  red-heat ;  therefore,  to  prevent  accidents,  each  shot  should 
be  passed  through  a  red-hot  shot-gauge  before  being  taken 
from  the  fire-room.  Should  the  shot  jam  in  the  bore  it  must 
be  cooled  by  pouring  water  in  at  the  muzzle ;  but  if  that 
fails,  the  charge  must  be  drowned  before  attempting  to  blow 
out  the  shot. 

Precautions  in  Loading.  —  Junk  and  grommet  wads  which 
have  been  soaked  in  water  for  two  or  three  hours,  and  the 
water  pressed  out  of  them,  are  to  be  used  in  loading.  The 
junk-wads  must  be  small  enough  to  fit  easily  when  swelled 
by  being  soaked.  The  cartridge  must  be  perfectly  tight,  so 
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that  powder  will  not  be  scattered  along  the  bore.  Sufficient 
elevation  having'  been  given  to  enable  the  shot  to  roll  home, 
first  enter  the  cartridge,  a  dry  junk-wad,  and  then  a  wet  junk- 
wad,  and  ram  them  home.  Bring  the  shot  in  a  bearer  and 
enter  it,  with  a  wet  grommet-wad  on  top  ;  as  it  cools  rapidly, 
no  time  should  be  lost.  Quantities  of  smoke  will  come  up 
through  the  vent,  but  a  red-hot  shot  does  not  burn  more  than 
the  outer  yarns  of  a  well-soaked  junk-wad,  even  if  left  in  the 
gun  till  it  becomes  cold. 


CHAPTER  X. 

PRACTICE   OF   GUNNERY. 

Section  I.  —  Service  of  Ordnance. 

1340.  LOADING.  —  With   M.   L.   guns   the    charge    is 
placed  in  the  muzzle  with  seams  down,  and  tie  outwards.     It 
is  pushed  steadily  to  the  bottom  of  the  bore,  and  is  on  no  ac- 
count to  be  struck.     The  shell  is   entered    sabot   first   and 
fuze  out.     After  removing  the  fuze-cap  it  is  pushed  gently 
to  its  place. 

With  B.  L.  guns  the  shell  on  its  bearer  is  entered  and 
pushed  clear  of  the  screw-box  into  the  chamber.  The  bearer 
is  then  removed,  and  the  shell  rammed  up  to  the  shot- 
chamber.  The  cartridge  is  entered  and  rammed  home  after- 
wards. The  shell  or  shrapnel  should  never  be  struck,  or 
forced  into  place. 

The  XV-inch  shell,  being  very  heavy,  is  apt  to  slip  in 
the  straps  by  which  it  is  secured  to  the  sab6t ;  therefore,  in 
loading,  care  must  be  taken  to  examine  the  position  of  the 
fuze-hole. 

When  the  distance  is  known  to  be  less  than  the  range  of 
the  shortest  fuze,  uncap  all  the  fuzes.  At  other  times  uncap 
the  fuze  suited  to  the  distance  and  the  one  of  longest  time  of 
burning. 

1341.  MARKS  ON  RAMMER.  —  With  the  view  of  afford- 
ing the  loader  a  certain  and  independent  means  of  knowing 
when  the  load  is  really  home,  the  handle  of  the  rammer  has 
a  mark  upon  it,  for  the  place  of  both  charge  and  shell,  easily 
distinguishable  either  by  night  or  day. 

This  mark  is  a  narrow  circular  indentation,  in  a  portion  of 
which  a  strip  of  brass  is  secured,  which  is  marked  for  the 
outer  one,  with  the  charge  in  pounds,  and  for  the  inner  one, 
with  the  projectile  used. 
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1342.  REMOVING  FUZE-PATCH.  —  In  loading  with  shell, 
the  cap  is  never  to  be  removed  until  the  shell  'is  entered  in 
the  gun.     With  high  elevations,  or  when  rolling,  care  should 
be  taken  that  the  shell  does  not  slip  down  the  bore  before 
this  is  done. 

The  cap  or  patch  is  removed  by  taking  hold  of  the  lug 
with  the  forefinger  and  thumb,  first  raising  it  a  little,  and 
without  twisting ;  a  pull  readily  removes  it. 

The  patch  is  passed  to  the  gun  captain  as  an  evidence 
that  the  priming  has  been  exposed ;  the  patches  are  to  be 
preserved  and  accounted  for  at  the  end  of  the  firing. 

The  loader  must  be  careful  not  to  touch  the  fuze-compo- 
sition with  his  fingers,  for  fear  of  injuring  it  with  moisture. 

In  loading  with  percussion-shell,  the  screw-head  of  the 
fuze  must  be  reversed  before  the  shell  is  placed  in  the 
muzzle. 

1343.  WITHDRAWING   PROJECTILES.. —  If,  in  loading,  a 
projectile  jams  in  the  bore,  no  attem'pt  should  be  made  to 
force  it  down,  but  it  should  be  withdrawn. 

This  may  be  done  with  the  ladle,  by  depressing  and  strik- 
ing the  muzzle  against  the  lower  sill  of  the  port,  or  by  run- 
ning the  gun  out  hard  against  the  side,  at  extreme  depres- 
sion. Should  these  means  fail  to  start  the  projectile,  it  will 
be  necessary  to  destroy  the  charge  by  pouring  water  clown 
the  vent  and  muzzle,  and  then  introduce  a  small  quantity  of 
powder  and  blow  it  out. 

Should  a  projectile  jam  in  the  bore  in  action,  the  gun 
captain  will  not  attempt  to  withdraw  it,  but  discharge  the 
piece  at  once. 

1344.  CARE  IN  THE  USE  OF  SHELL.  —  In  action,  shell 
should  never  be  allowed  to  accumulate  on  deck.     Experi- 
ments have  proved  that  any  loaded  shell  at  rest,  when  struck 
by  a  solid  shot,  fired  with  even  a  moderate  charge,  will  be  ex- 
ploded Avith  force  sufficient  to  scatter  in  every  direction,  and 
to  considerable  distances,  any  other  shells  that  may  be  placed 
in  near  proximity. 

1345.  KEEPING  GUNS  LOADED.  —  Guns  should  never  re- 
main loaded  longer  than  necessary,  as  the  cartridge  speedily 
deteriorates  by  the  effects  of  moisture.     If  a  shell  has  been 
loaded  twenty-four  hours,  it  should  be  drawn  and  re-fuzed. 

1346.  RUNNING  OUT.  —  As  the  projectile   slides   in   the 
gun  with  very  little  friction,  particular  care  should  be  taken 
not  to  let  the  carriage  strike  with  too  great  a  shock  in  run- 
ning out,  as  it  will  surely  start  the  projectile  from  its  seat. 
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1347.  SERVING  THE  VENT   AND   SPONGING.  —  After  a 
piece  has  beeh  discharged,  the  vent  should  be  cleared  with 
the  priming-wire  and  the  bore  well  sponged  to  extinguish 
any  burning  fragments  of  the  cartridge  that  may  remain. 

To  prevent  the  current  of  air  from  fanning  any  burning 
fragments  that  may  collect  in  the  vent,  it  should  be  kept 
firmly  closed  with  a  thumb-stall  in  the  operation  of  spon- 
ging. A  moist  sponge  is  always  to  be  used. 

After  sponging,  the  vent  must  again  be  cleared  with  the 
priming-wire  and  closed  with  the  thumb-stall.  These  pre- 
cautions are  taken  to  prevent  the  possibility  of  the  vent 
becoming  obstructed. 

If  at  any  time  the  gun  captain  should  find  the  vent  ob- 
structed, and  be  unable  to  clear  it  with  the  priming-wire  or 
boring-bit,  he  will  at  once  report  to  the  officer  of  the  division, 
who  will  order  the  vent-punch  used  ;  or,  if  this  should  fail, 
have  recourse  to  the  vent-drill  and  brace  in  charge  of  the 
quarter  gunner.  The  boring-bit,  vent-punch,  and  drills 
should  be  used  with  caution,  as,  being  of  steel,  they  are 
liable  to  be  broken  off  in  the  vent  and  thus  effectually  spike 
the  gun.  After  clearing  the  vent,  the  bore  should  be  sponged. 

With  B.  L.  guns  the  sponge  is  entered  at  the  breech  and 
withdrawn  at  the  muzzle.  At  the  same  time  the  nose-plate, 
gas-check,  and  threads  of  screw  and  screw-box  are  wiped  off 
with  a  wet  marine  sponge. 

1348.  SPONGERS  AND  LOADERS  should  keep  their  bodies 
clear  of  the  muzzle,  and  as  much  within  the  port  as  practica- 
ble for  their  own  protection. 

1349.  LOADING  MORTARS. —  The  powder  is  to  be  emp- 
tied into  the  mortar  from  the  cartridge-bag,  which  must  be 
well  shaken  to  remove  dust  and  fine  grains  of  powder.     The 
bag   is   retained  in  the  hands  of  the  loader  to  be  used  in 
wiping  the  shell  before  it  is  lowered  into  the  bore.     The 
powder  is  levelled  off  with  a  spatula,  when  the  bomb,  loaded 
and  fuzed,  is  carefully  lowered  into  the  bore  by  the  hooks, 
and  allowed  to  rest  upon  the  charge,  keeping  the  fuze  exactly 
in  the  axis  of  the  bore.     In  mortars,  where  a  sponge  is  sel- 
dom used,  the  stopping  of  the  vent  is  not  necessary ;  but  it 
should  always  be  cleared  out  with  the  priming-wire  before 
the  powder  is  placed  in.     The  bore  is  cleared  with  a  scraper, 
and  wiped  out  with  an  empty  cartridge-bag  or  swab.     If  a 
sponge  is  used,  it  is  much  smaller  than  the  bore. 

1350.  POINTING.  —  To  point  or  aim  a  fire-arm  is  to 
give  it  such  direction  and  elevation  that  the  projectile  shall 
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strike  the  object.  To  do  this  properly,  it  is  necessary  to 
understand  the  relations  which  exist  between  the  line  of 
sight,  line  of  fire,  trajectory,  etc. 

1351.  DEFINITIONS.  —  The  line  of  sight  is  the  right  line 
containing  the  guiding-points  of  the  sights.     The  sights  are 
two  pieces  on  the  upper  surface  of  the  gun,  the  situation  of 
which  with  regard  to  the  axis  of  the  bore  is  known. 

The  front  sight  is  usually  situated  between  the  trunnions 
or  on  the  rim-base,  and  is  generally  fixed  ;  the  rear  sight  is 
placed  on  the  breech,  and  is  movable  in  a  vertical  plane. 

The  natural  line  of  sight  is  the  line  of  sight  nearest  the 
axis  of  the  piece ;  the  others  are  called  artificial  lines  of 
sight. 

The  line  of  fire  is  the  axis  of  the  bore  prolonged  in  the 
direction  of  the  muzzle. 

The  angle  of  fire  is  the  angle  included  between  the  line 
of  fire  and  horizon. 

The  angle  of  sight,  or  angle  of  elevation,  is  the  angle 
included  between  the  line  of  sight  and  line  of  fire ;  angles  of 
sight  are  divided  into  natural  and  artificial  angles  of  sight, 
corresponding  to  the  natural  and  artificial  lines  of  sight 
which  enclose  them. 

The  plane  of  fire  is  the  vertical  plane  containing  the  line 
of  fire. 

The  plane  of  sight  is  the  vertical  plane  containing  the 
line  of  sight. 

1352.  POINT-BLANK.  —  The   term  point-blank  originated 
when  it  was  imagined  that  a  shot  travelled  for  some  distance 
in  a  straight  line,  or  direct ;  it  is  of  no  practical  use,  and  is 
differently  defined  in  different  countries. 

The  French  definitions  of  point-blank  and  point-blank 
range  are  as  follows: 

The  point-blank  is  the  second  point  at  which  the  .line  of 
sight  intersects  the  trajectory ;  and  the  distance  from  the 
face  of  the  muzzle  to  this  point  is  the  point-blank  range. 

The  natural  point-blank  corresponds  to  the  natural  line  of 
sight ;  all  other  points-blank  are  called  artificial  points-blank. 

In  the  British  service,  as  well  as  in  our  own,  the  point- 
blank  distance  is  the  distance  at  which  the  projectile  strikes 
the  horizontal  plane  on  which  the  trucks  of  the  carriage 
rest,  the  axis  of  the  piece  being  horizontal. 

1353.  RANGE  is  the  distance  from  the  muzzle  of  the  gun 
to  the  second  intersection  of  the  trajectory  with  the  line  of 
sight. 
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In  practice  the  range  is  usually  measured  from  the  muz- 
zle to  the  point  of  impact  on  the  object,  or  to  the  first  graze 
of  the  projectile. 

The  range  depends  upon  the  initial  velocity,  the  form 
and  density  of  the  projectile,  the  angle  of  elevation  of  the 
gun,  and  the  difference  of  level  between  the  planes  upon 
which  the  gun  and  object  respectively  stand. 

Extreme  range  is  the  distance  to  the  point  at  which  the 
projectile  is  brought  to  a  state  of  rest. 

1354.  RANGE  AT  LEVEL.  —  The  gun  being  placed  a  cer- 
tain height  above  the  water,  depending  on  the  class  of  vessel 
and  the  deck  on  which  it  is  mounted,  it  is  evident  that,  when 
the  axis  of  the  bore  is  horizontal,  the  projectile  will  have  a 
range  proportionate  to  this  height. 

The  distance  to  which  the  projectile  will  range  in  this 
case,  before  it  grazes  the  water,  is  called  the  range  at  level, 
and  depends  upon  the  class  of  gun,  the  charge,  and  the 
height  above  the  water. 

1355.  SIGHTING   CANNON.  —  In  order  that  a  projec- 
tile fired  from  a  gun  may  strike  a  required  object,  it  is  neces- 
sary to  adjust  the  line  of  fire  with  reference  to  the  horizon 
and  the  vertical  plane  passing  through  the  object  in  such  a 
manner  that  the  trajectory  will  reach  it. 

The  axis  of  the  gun  is  not  visible,  and  it  is  necessary  to 
resort  to  notches  or  sights  on  the  exterior  surface  to  deter- 
mine practically  the  position  of  the  axis. 

The  line  of  metal  is  a  visual  line,  joining  the  notches  cut 
on  the  highest  points  of  the  base-ring  and  swell  of  the  muz- 
zle. 

The  inclination  of  the  line  of  metal  to  the  axis  of  the 
bore  varies  in  guns  of  the  same  class  as  well  as  in  those  of 
different  classes.  Aiming,  therefore,  by  the  line  of  metal 
cannot  be  relied  on  for  definite  ranges ;  besides  that,  within 
those  ranges  it  is  apt  to  mislead  by  giving  too  much  eleva- 
tion to  the  piece.  If  a  gun  be  pointed  at  an  object  by  means 
of  a  line  of  metal,  it  will  be  seen,  by  prolonging  that  line 
and  the  axis  of  the  bore,  that  the  latter  will  pass  over  the 
object. 

1356.  DISPART.  —  A  dispart  is  a  piece  of  metal  placed 
on  the  top  of  the  gun  to  give  a  line  of  sight  parallel  to  the 
axis  of  the  bore. 

The  dispart  is  generally  defined  as  half  the  difference  be- 
tween the  diameters  of  those  parts  of  the  gun  upon  ^vh^ch  the 
sights  are  placed. 
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Half  the  difference  between  the  diameters  of  the  gun  at 
the  base-ring  and  swell  of  the  muzzle,  or  at  any  intermediate 
point  on  the  line  of  metal,  will  give  the  proper  height  of  the 
dispart-sight  at  the  point  where  the  least  diameter  was 
taken. 

In  the  absence  of  other  means  of  sighting,  wooden  dis- 
part-sights  lashed  on  the  cylinder  can  be  used.  A  narrow 
groove  in  the  upper  surface  of  the  wooden  sight,  made  to 
coincide  with  the  plane  of  the  line  of  sight  marked  on  the 
gun,  will  assist  in  getting  the  true  direction. 

The  guns  of  the  Dahlgren  pattern  are  cylindrical  for  a 
certain  distance  forward  of  the  base-line,  always  giving  a  line 
of  sight  parallel  to  the  axis  of  the  bore. 

Guns  are  marked  on  the  top  of  the  base-ring,  the  sight- 
masses,  and  swell  of  the  muzzle,  by  notches,  which  indicate 
a  vertical  plane  passing  through  the  axis  of  the  bore  at  right 
angles  to  the  axis  of  the  trunnion. 

In  range  at  level,  the  bore  being  horizontal,  the  dispart- 
sight  is  directed  at  a  point  above  the  water-line  or  point 
struck  equal  to  its  own  distance  above  that  line. 

If  the  gun  is  pointed  by  dispart  directly  at  an  object,  the 
projectile  will  fall  short,  more  or  less,  depending  upon  the 
distance. 

In  pointing  by  dispart,  therefore,  it  is  necessary  to  direct 
the  sight  a  certain  height  above  the  object,  to  allow  for  the 
fall  of  the  projectile  during  flight ;  the  height  to  be  pointed 
above  must  depend  upon  the  distance  of  the  object. 

1357.  SIGHTS.  —  To  facilitate  the  operation  of  pointing 
guns  according  to  the  distance  of  the  object  aimed  at,  sights 
are  prepared  and  fitted  to  each  gun,  distinguished  as  top 
sights  and  side  sights. 

The  top  or  ordinary  sights  consist  of  two  pieces  of  bronze 
gun-metal,  one  of  which,  called  the  front  sight,  is  a  fixed 
point,  firmly  secured  to  the  sight-mass,  upon  the  upper  sur- 
face of  the  gun  between  the  trunnions. 

The  other,  or  rear  sight,  is  a  square  bar  or  stem  with  a 
head,  in  the  top  of  which  is  a  sight-notch.  It  is  set  diago- 
nally so  as  to  expose  two  faces  to  the  rear ;  the  rear  angle 
chamfered,  to  afford  a  bearing  for  the  clamp-screw.  This 
bar  or  stem  is  made  to  slide  in  a  vertical  plane,  in  the  sight- 
box  fixed  to  the  breech-sight  mass,  and  is  held  at  the  various 
elevations  for  which  it  is  graduated  by  means  of  a  thumb- 
screw. Its  length  is  sufficient  for  all  the  elevation  which 
can  be  given  —  about  5°  —  before  the  muzzle  appears  above 
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the  front  sight,  after  which  a  long  wooden  sight  must  be 
used,  graduated  for  the  whole  length  of  the  gun,  using  the 
notch  in  the  muzzle. 

The  rear  sight  may  be  said  to  be  a  tangent  to  an  arc  the 
radius  of  which  is  the  distance  from  the  outer  point  of  the 
front  sight  to  the  fore  part  of  the  rear  sight,  and  the  divis- 
ions are  calculated  accordingly ;  this  distance  is  called  the 
short  radius.  The  rear  sight  is  marked  on  the  two  rear  faces 
for  every  hundred  yards ;  on  one  face  for  the  shell  and  its 
proper  charge,  and  on  the  other  for  shot. 

The  wooden  rear  sight  may  be  said  to  be  a  tangent  to 
an  arc  of  which  the  radius  is  the  distance  from  the  notch  on 
the  swell  of  the  muzzle  to  the  front  of  the  rear  sight ;  this 
distance  is  called  the  long  radius. 

The  rear  sight  is  set  at  an  angle  of  60°,  so  that  it  may 
slide  up  and  down  without  touching  the  breech  of  the  piece. 

Every  gun  is  furnished  with  two  sight-bars,  a  long  wooden 
and  a  short  brass  one ;  the  longer  is  used  for  ranges  over 
1,700  yards ;  for  all  ranges  less  than  this,  which  is  the  ex- 
treme distance  at  which  accurate  practice  may  be  expected 
at  sea,  the  short  bar  is  used. 

1358.  Pivot-guns  are  fitted  with  side  sights  placed  on  the 
side  of  the  breech,  and  on  the  trunnion  or  rim-base. 

The  advantage  of  this  arrangement  is  that  the  sights  can 
be  used  at  any  elevation;  for,  being  placed  at  the  side  of 
the  gun,  the  muzzle  of  the  piece  does  not  interfere  with  the 
line  of  sight  when  pointing. 

1359.  The  sights  of  all  howitzers  are  fitted  in  this  way ; 
the  front  sight  is  a  notch  in  a  small  mass  cast  on  the  muzzle ; 
the  rear  sight  is  a  bronze  cylinder  pointed  at  the  top  and 
marked  for  seconds  to  correspond  with  the  Bormanii  fuze. 
The  rear  sight  slides  in  a  small  mass  cast  on  the  breech,  and 
is  held  by  a  thumb-screw. 

1360.  Sights  for  Parrott  M.  L.  R.   Guns.  —  These  consist 
of  a  fixed  sight  upon  the  rim-base,  and  a  movable  sight  in  a 
socket  which  is  screwed  into  the  breech  of  the  gun.     The 
movable  sight  is  furnished  with  a  sliding  eye-piece,  and  is 
graduated  up  to  10°.     The  eye-piece  is  also  capable  of  lat- 
eral adjustment  to  allow  for  the  drift  as  far  as  10°rand  for 
the  effect  of  the  wind.     It  is  desirable  that  the  sights  should 
be  placed  on  both  sides  of  the  breech ;  otherwise,  in  firing 
from  a  port  at  extreme  train,  there  may  be  considerable  loss 
of  lateral  aim. 

1361.  The  sights  of  the  8-inch  M.  L.  R.  —  The  gun  is 
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furnished  with  the  usual  top  sights,  and  has  also  side  sights, 
the  rear  one  being  set  at  a  permanent  angle  of  1°  47'.  The 
rear  sight  is  a  rectangular  bar  with  a  square  shoulder  slotted 
for  a  movable  eye-piece  to  allow  for  deviations  due  to  the 
force  of  the  wind,  etc.  It  is  marked  on  the  rear  side  for 
charge,  kind  of  powder  and  shell;  on  the  left  side,  range 
in  yards,  time  of  flight  in  seconds,  charge,  kind  of  powder 
and  shell,  and  initial  velocity ;  the  same  on  the  right  side  for 
a  different  charge,  and  in  front  for  degrees  of  elevation. 

The  front  sight  is  screwed  into  the  rim-base  and  is  pierced 
with  two  holes  connected  by  a  slit. 

1362.  The  sights  for  the  3-inch  B.  L.  R.  consist  of  a  front 
sight  on  the  •  rim-base,  a  column  of  steel,  and  a  rear  sight 
graduated  to  10°  and  set  at  a  permanent  angle  of  3°  11'. 

1363.  The  radius  between  the  sights  should  be  as  long  as 
possible   for  sea-practice,  with   an   unsteady  platform,   and 
where  the  eye  is  far  removed  from  the  rear  sight. 

In  order  to  see  the  object  in  line  with  the  outer  sight, 
the  eye  must  pass  a  certain  vertical  distance  above  the  rear 
sight.  The  amount  of  vertical  height  between  the  rear  sight 
and  the  line  of  vision  depends  upon  the  state  of  the  weather, 
and  upon  the  motion  of  the  ship.  When  the  ship  is  steady 
it  will  probably  be  0.1  or  0.2  of  an  inch.  •  When  the  ship  is 
very  lively  it  ma}'-  be  half  an  inch. 

At  all  known  distances,  all  considerable  errors  in  firing  at 
sea  are  dependent  upon  the  height,  that  the  line  of  vision 
passes  above  the  rear  sight.  Take  a  given  vertical  height  of 
visual  error,  say  half  an  inch :  the  effect  it  will  have  upon 
the  range  depends  upon  the  distance  between  the  sights ;  if 
they  are  but  a  few  inches  apart,  the  error  will  cause  some 
thousands  of  yards  increase  of  range. 

If  they  are  as  far  apart  as  they  can  be  placed,  the  same 
visual  error  will  probably  cause  an  error  in  range  of  less  than 
100  yards  with  a  IX-inch  gun. 

1364.  ADJUSTMENT  OF  THE  SIGHTS. — Levelling.  —  Roll 
the  gun  in  the  direction  of  its  trunnions  until  the  line    of 
sight  is  uppermost.     The  cylindrical  portion  of  gun  forward 
of  base-ring  is  supposed  to  be  turned  at  the  foundry  parallel 
to  axis  of  bore,  so  the  next  object  is  to  trim  down  the  front 
and  rear  sight-masses  until  they  are  level  with  the  cylindrical 
portion  of  gun.    To  do  this,  scrape  off  all  the  paint  which  may 
be  on  the  gun  in  line  of  sight.     Place  a  straight-edge  on  thfr 
portion,  its  two  ends  resting  respectively  on  the  front  and 
rear  sight-masses.     Trim   down   both  masses  until  daylight 
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cannot  be  seen  between  the  straight-edge  and  the  gun  along 
its  whole  length  where  the  straight-edge  takes. 

If  possible,  all  sighting  of  guns  should  be  done  under 
cover,  as  the  wind  outside  deflects  the  thread  of  the  tompion- 
arm  when  fixing  the  point  of  the  front  sight.  If  the  gun, 
however,  is  out  of  doors  and  difficult  to  move,  build  a  screen 
the  length  of  the  gun  to  windward.  The  gun  being  in  the 
gun  park,  lying  on  wooden  skids  taking  at  chase  and  breech, 
build  up  with  blocks  under  the  muzzle  and  at  the  trun- 
nions, using  these  in  connection  with  chocks  to  bring  the 
gun  to  an  exact  level  both  as  to  axis  of  bore  of  gun  and  axis 
of  trunnions. 

The  bore  having  been  thoroughly  cleansed,  its  axis  is 
levelled  by  inserting  a  small  steel  T-square  in  the  bottom  of 
bore  at  the  muzzle.  The  square  itself  is  first  levelled  by 
placing  an  ordinary  level  on  the  transverse  branch.  When 


FIG.  374. 

the  T-square  is  levelled,  the  level  is  then  placed  on  the  longi- 
tudinal branch  of  the  T-square  lengthwise  with  the  bore  of 
gun,  and  the  axis  of  gun  is  then  levelled  by  striking  the  chocks 
previously  placed  on  each  side  under  chase  of  gun,  which  of 
course  either  raise  or  lower  the  muzzle.  When  the  gun  has 
been  levelled  as  to  axis  of  bore,  it  is  to  be  levelled  as  to  axis 
of  trunnions. 

To  level  as  to  axis  of  trunnions :  First,  scrape  off  the 
paint  on  top  of  each  trunnion,  then  place  the  trunnion-square 
as  seen  in  Fig.  374,  and  put  the  spirit-level  on  it  as  at  s. 
Adjust  the  piece  by  means  of  the  chocks  under  the  trunnions 
until  they  are  horizontal.  This  levelling  the  gun  by  axis  of 
trunnions  may  throw  the  axis  of  the  gun  out  of  level,  in  which 
case  return  to  that,  and  then  to  the  other,  approximating 
closer  and  closer  each  time  until  the  gun  is  levelled. 

If  the  gun  be  lying  on  wooden  skids,  the  levelling  must 
be  verified  from  time  to  time,  as  the  great  weight  will  cause 
it  to  sink  trifle  by  trifle,  thus  throwing  the  level  out. 
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1365.  Fitting  Top  Sic/Jits.  —  The  gun  being  levelled, 
next  proceed  to  find  initial  point  on  base-ring.  Encircle 
the  breech  of  the  gun  at  the  base-ring  with  the  trunnion- 
square,  first  scraping  off  the  paint  on  gun  where  the  legs  of 
square  take  on  either  side,  and  level  the  square  by  a  spirit- 
level.  Then  take  the  sliding  pointer  on  transverse  branch  of 
square,  and  set  it  at  a  point  exactly  half  way  on  the  branch 
by  means  of  the  graduated  scale.  Hit  the  gun  on  the  base- 
ring  a  slight  tap  with  the  pointer.  Take  the  square  off  and 
turn  the  legs  end  for  end,  again  embracing  the  gun,  and 
again  level  square  with  spirit-level.  Again  hit  the  gun  on 
the  base-ring  a  slight  tap  with  the  pointer.  Should  the 
pointer  not  strike  in  the  same  point  as  it  did  in  the  first  in- 
stance, choose  a  point  half-way  between  the  two  for  the 
initial  point. 

The  initial  point  on  base-ring  being  determined,  place  the 
sighting-tompion  (Fig.  375)  in  bore  of  gun.  When  the  tom- 


pion  is  being  placed  in,  be  guided  by  the  rings  on  the  side  to 
insert  it  evenly,  so  as  to  prevent  jamming.  In  large  calibres 
it  is  also  better  to  close  the  vent  before  inserting  the  tompion, 
as  thus,  with  the  compressed  air,  it  can  be  taken  out  more 
easily.  Adjust  the  vertical  arm  of  tompion  by  the  spirit-level 
and  tangent-screw.  Extend  the  thread  from  vertical  arm  to 
the  rear,  resting  for  a  second  point  on  the  initial  point  estab- 
lished by  trunnion-square  on  base-ring. 

Now,  with  a  slight  dent  of  the  centre-punch,  mark  the 
point  where  the  thread  crosses  the  front  sight-mass.  Take  a 
straight-edge  and  lay  it  in  the  straight  line  determined  by 
the  two  points,  namely,  the  initial  point  on  base-ring  and  the 
point  determined  on  the  front  sight-mass  by  thread  of  tom- 
pion-arm.  Take  a  scriber,  and,  with  the  straight-edge  lying 
on  these  two  points,  scribe  out  a  centre-line  on  the  cylindrical 
portion  of  breech,  also  extending  the  line  to  the  rear  sight- 
mass. 

Proceed  to  cut  out  the  rear  sight-mass  to  its  proper  size 
(using  as  an  initial  line  the  line  just  described  by  means  of 
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straight-edge).  For  proper  width,  length,  and  bevels  of 
breech  sight-mass  use  templets  and  gauges.  There  is  a  stand- 
ard distance  given  for  distance  of  front  part  of  rear  sight- 
mass  from  base-ring. 

As  soon  as  the  rear  sight-mass  is  marked  out  by  the  tem- 
plets, proceed  to  cut  down  the  mass  and  fit  rear  sight-box. 
To  fit  the  rear  sight-box  so  as  to  bring  the  rear  sight-box  to 
proper  angle,  and  also  to  a  true  plane  perpendicular  to  axis 
of  trunnions,  use  the  levelling-bar.  (Fig.  376.)  Lay  the 
reinforce-sight  on  the  front  sight-mass ;  then  lay  the  level- 
ling-bar with  one  end  on  the  front  sight,  the  sight  taking  in 
the  line  scribed  on  bottom  of  levelling-bar. 

1366.  The  Levelling-bar,  B  (Fig.  376),  is  a  square  steel 
bar  with  parallel  faces,  somewhat  longer  than  the  distance 
between  the  sights  on  the  largest  gun.  The  rear  end  is 
bevelled  at  an  angle  of  60°,  the  angle  at  which  the  sight 
is  placed.  It  has  a  central  line  marked  on  it  throughout  its 
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length,  on  the  under  side,  and  along  the  bevelled  end.  It 
has  also  marked  on  its  sides,  near  the  forward  end,  the 
distance  at  which  the  sights  should  be  placed  for  each  class 
of  gun.  It  is  also  fitted  with  screws  for  bringing  it  to  a 
level. 

The  levelling-bar  being  laid  on  the  front  sight,  and  its 
bevelled  end  taking  against  the  rear  sight-bar,  bring  it  to  a 
level  with  the  spirit-level  and  screws.  This  will  give  the 
true  guide  for  angle  of  rear  sight-bar,  and  the  hitter's  proper 
plane.  As  soon  as  rear  sight-box  is  fitted,  bore  hole  for 
same  through  rear  sight-mass.  This  hole  is  bored  with  the 
rear  sight-box  on,  and  the  latter  is  kept  down  in  its  place  by 
a  sling  around  cascabel  set  up  by  a  handspike. 

The  rear  sight  being  fitted  true  as  to  the  levelling-bar, 
again  level  the  arm  of  sighting-tompion,  and  stretch  the 
thread  back  over  gun,  this  time  bringing  the  thread  to  the 
exact  middle  of  the  rear  sight-bar  notch.  Now,  in  theory, 
the  thread  ought  to  come  directly  over  the  initial  point  of 
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base-ring,  and  over  the  mark  already  laid  off  on  front  sight- 
mass  ;  but  practically  this  is  never  the  case,  as  it  is  almost 
impossible  to  fit  a  rear  sight-box  so  true  as  to  bring  the  mid- 
dle of  the  sight-notch  in  the  exact  line  of  sight  already  laid 
off.  It  will  be  found,  upon  stretching  the  thread  the  second 
time,  that  it  will  fall  a  trifle  one  side  or  other  of  the  initial 
point  on  base-ring.  So,  virtually,  it  is  necessary  again  to  lay 
off  a  line  of  sight. 

With  a  measure  take  the  distance  that  the  thread  falls  to 
one  side  of  the  initial  point  on  base-ring.  Take  this  same 
distance  that  the  thread  is  out,  and  lay  it  off  horizontally  on 
the  cross-bar  of  the  vertical  sighting-arm.  Of  course,  when 
the  thread  is  also  moved  this  distance  on  the  sighting-arm, 
the  thread  will  fall  the  same  distance  to  one  side  on  the 
front  sight-mass ;  therefore  mark  this  last  point  where  the 
thread  falls  over  the  front  sight-mass,  and  thus  is  established 
the  second  and  final  line  of  sight.  Also  mark  the  point 
where  the  thread  now  crosses  the  base-ring,  and  this  is  the 
final  initial  point  to  be  marked  for  a  full  due  on  the  base- 
ring.  Where  the  thread  crosses  the  front  sight-mass,  hold 
the  front  sight  itself  directly  under  the  thread.  When  the 
front  sight-mass  was  lined  out,  at  the  same  time  with  the 
rear  sight-mass,  a  regulation  distance  was  given  from  base- 
ring  to  centre  of  front  sight-mass,  and  from  this  central  point 
the  mass  was  marked  out  and  cut. 

1367.  To  fit  Sight  on  Front  Sight-mass.  —  Holding  the 
sight  directly  under  the  thread,  mark  out  the  places  of  the 
screw-holes  on  mass.  These  screw-holes  are  then  drilled  and 
tapped.  The  front  sight  being  screwed  on  to  the  mass,  cut 
off  a  certain  portion  of  the  steel  bar  in  the  sight,  determined 
as  follows:  Let  the  rear  sight-bar  drop  to  a  level.  Then  lay 
the  levelling-bar  on  the  gun  as  in  determining  the  angle  of  rear 
sight-bar.  A  distance  is  given  on  the  levelling-bar  from  rear 
sight-bar  to  forward  part  of  the  steel  bar  of  the  front  sight ; 
and  this  distance  being  measured,  cut  off  all  the  steel  bar  of 
front  sight  which  is  over. 

After  the  front  sight  is  finally  fitted  as  above  described, 
again  stretch  the  sighting-torn pion  thread  over  all  parts,  and 
the  thread  must  coincide  as  follows :  it  must  pass  directly 
over  the  steel  bar  of  the  front  sight ;  then  directly  over  the 
initial  point  on  base-ring,  and  then  directly  through  the  exact 
middle  of  the  notch  of  the  rear  sight-bar.  This  must  be  par- 
ticularly observed  when  inspecting  the  gun  for  final  stamping 
of  Inspector's  initials. 
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Next  to  determine  the  amount  of  shoulder  that  the  rear 
sight-bar  is  to  have.  The  projection  on  head  of  sight-bar 
that  takes  on  rear  sight-box  is  called  the  shoulder  of  sight-bar. 
This  is  done  by  again  putting  the  levelling-bar  on  front  sight, 
and  bringing  it  to  a  level  by  the  spirit-level.  The  shoulder 
is  then  trimmed  down  until  daylight  can  be  just  seen  through 
the  notch  when  the  rear  sight-bar  rests  on  sight-box.  Do  not 
cut  the  shoulder  down  so  low  that  the  extreme  tip  of  the 
front  sight  can  be  seen,  as  that  will  bring  the  rear  sight-bar 
too  low.  The  bar  is  then  graduated  by  the  scale  furnished. 
On  no  account  must  the  bar  be  cut  as  to  the  shoulder,  after 
being  stamped. 

1368.  To  mark  the  Line  of  Sight  on  Swell  of  Muzzle.  — 
Again  stretch  the  thread  from  arm  of   sighting-tompion  to 
middle  of  notch  of  rear  sight,  at  the  same  time  raising  the 
rear  sight  to  its  greatest  elevation,  and  lowering  the  thread 
on  vertical  arm  of  tompion.     This  of  course  brings  the  thread 
down  to  touch  the  swell  of  the  muzzle,  and  it  is  there  marked 
with  a  long  cut  of  a  cold  chisel.     This  line-of-sight  mark  on 
muzzle  is  to  determine  the  position  of  the  front  sight  in  case 
the  latter  should  be  knocked  away.     With  the  initial  point 
on  base-ring  and  mark  on  swell  of  muzzle,  there  are   two 
points  available  for  determining  the  straight  line. 

1369.  Instruments  used  in  Sighting  a  Gun : 
Trunnion-square.  Levelling-bar. 
Sighting-tompion  with  arm.       Steel  T-square  for  levelling  at 
Common  spirit-level.  muzzle. 

Steel  straight-edge.  Beam    compasses  (with    XV- 

Scribers.  inch  gun). 

Drills.  Templets. 

Steel  wedges  for  slot  of  lock-  Dividers, 
mass.  Gauges. 

1370.  Fitting  Side  Sights.  —  Level  the  gun  as  to  axis  of 
bore  and  trunnions  in  the  same  way  as  already  described. 
Then  determine  the  initial  point  on  the  base-ring  in  the  same 
manner  as  above.     To  fix  the  position  of  the  rear  sight-box 
on  the  side  of  the  gun,  proceed  as  follows :  to  determine  the 
distance  that  the  sight,  EG  (Fig.  377),  ought  to  be  in  rear 
of  base-ring,  BR,  a  standard  distance  is  given,  measuring 
from  the  base-ring:  to  determine  the  distance  below  BH  that 
the  rear  sight  ought  to  be :  take  a  small,  hard  piece  of  wood 
of  a  thickness  equal  to  the  front  sight  when  the  latter  is 
finally  screwed  into  rim-base.      Lay  this  piece  of  wood   on 
rim-base.     Next  take  a  steel  straight-edge  and  lay  it  with  its 
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edge  one  end  on  the  block  of  wood,  and  the  other  end  on  the 
sight  fitted  to  the  box,  with  the  shoulder  of  the  sight  resting 
on  the  top  of  the  box.  The  end  of  the  straight-edge  that 
rests  on  the  notch  of  the  rear  sight  is  so  cut  away  that  its 
edge  fits  in  the  notch  neatly.  The  straight-edge  is  now 
levelled  by  moving  the  rear  sight-box  up  or  down.  When 
levelled  take  off  straight-edge  and  hold  rear  sight-box  firmly 
in  its  place  on  side  of  gun.  Take  out  the  rear  sight  from 
its  box  and  place  therein,  in  its  stead,  a  steel  T-square,  the 
longitudinal  branch  of  which  is  round. 

The  T-square  being  in  the  rear  sight-box,  place  the  level 
on  top  of  T-square,  and  bring  the  box  itself  to  a  level.  This 
of  course  will  require  the  slightest  possible  movement  of  the 
box,  as,  when  the  straight-edge  was  on,  the  sight-box  was  ap- 
proximately adjusted.  The  rear  sight-box  being  levelled, 
withdraw  the  T-square  and  hold  the  box  firmly.  Then  mark 


H 


BR.  Base-ring.       A.  Sight  on  Rim-base.       EG.  Rear  Sight  and  Box 

FIG.  377. 


out  its  place  on  the  gun,  and  also  the  places  of  its  holes  for 
securing  to  gun.  Bore  out  the  screw-holes  with  a  drill,  and 
tap  them.  Fit  the  box  to  the  side  of  the  gun  with  screws, 
remembering  to  place  rubber  washers  on  screws  between  the 
gun  and  rear  sight-box.  As  soon  as  the  box  is  fitted  to 
the  gun  with  screws,  replace  its  sight-bar,  and  again  go 
through  the  operation  of  testing  the  position  of  the  box  as 
to  height,  by  placing  the  straight-edge  on  the  block  of  wood 
and  the  notch  of  sight  as  before.  Some  of  the  screws  may 
be  set  too  tight,  and  others  too  slack,  which  can  be  remedied 
before  proceeding. 

To  find  the  distance  of  the  rear  sight  from  the  axis  of  the 
bore,  place  the  steel  T-square  in  the  rear  sight-box  as  before, 
raising  it  until  it  touches  a  straight-edge  resting  on  top  of 
the  rear  sight-mass,  and  crossing  the  gun.  Now  measure 
with  accuracy  on  this  straight-edge  the  distance  from  the 
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initial  point  established  on  base-ring  to  a  point  on  top  of 
the  T-square  at  the  exact  intersection  of  its  longitudinal 
and  transverse  branches,  which  will  be  the  distance  re- 
quired. 

To  fit  the  front  sight :  Having  obtained  this  distance,  lay 
it  off  on  the  horizontal  arm  of  a  sighting-tompion.  This  tom- 
pion  and  arm  are  to  be  placed  in  the  muzzle  as  represented 
in  Fig.  378.  At  the  point  H  have  a  centre-line  marked  on 
the  sighting-arm,  and  when  the  arm  is  levelled  it  will  be  in 
the  same  vertical  plane  as  the  initial  point  already  estab- 
lished on  the  base-ring.  Now  take  the  distance  already 
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FIG.  378. 


found  from  the  initial  point  on  the  base-ring  to  the  point  on 
T-square  when  in  rear  sight-box,  and  lay  it  off  on  the  hori- 
zontal arm  of  the  tompion,  thus  establishing  a  plane  parallel 
to  axis  of  bore.  Take  the  thread  on  the  horizontal  arm  at 
this  point,  and  stretch  it  so  that  it  falls  on  the  exact  centre 
of  the  notch  of  the  rear  sight-bar,  and  mark  the  point  where 
it  touches  the  rim-base. 

The  distance  that  the  sights  should  be  apart  is  furnished 
by  authority.  With  a  straight-edge  mark  off  this  distance, 
and  drill  a  hole  for  the  front  sight.  Then  counter-bore 
the  front  sight.  As  soon  as  it  is  screwed  in,  lay  one  end 
of  the  straight-edge  on  it,  and  its  other  end  on  the  notch  of 
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rear  sight.  Place  a  level  on  the  straight-edge.  Now  the 
level  will  generally  be  found  to  be  slightly  out,  and  it  can 
be  brought  to  a  level  by  either  screwing  the  front  sight 
up  or  down  as  occasion  requires,  or  by  cutting  down  the 
notch  of  the  rear  sight  if  it  should  want  to  be  lowered  at 
that  end. 

For  side  sights,  the  rear  bar  is  generally  supplied  with  the 
proper  firing  distances  marked  on  it.  Whenever  a  sight-bar 
is  received  already  marked  with  ranges,  the  level  should  never 
be  remedied  by  cutting  away  the  shoulder  of  bar,  as  the  edge 
of  shoulder  is  the  initial  point  from  which  the  bar  is  marked. 
If,  however,  the  sight-bar  is  marked  after  it  is  fitted  to  the 
gun,  the  shoulder  can  be  thinned  down.  The  levelling-bar  is 
not  used  in  side-sighting  a  gun. 

The  straight-edge  is  now  applied  as  before,  resting  on 
front  sight  and  notch  of  rear  sight-bar,  and  verified  as  to  the 
level  of  that  plane.  If  the  spirit-level  remains  at  level,  the 
gun  is  properly  sighted  as  to  the  level  of  sights. 

1371.  FITTING  TRUNNION-SIGHTS  TO  MORTARS,  GUNS, 
ETC.  —  The  gun  is  first  levelled  as  to  axis  of  bore  and  axis  of 
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FIG.  379. 

trunnions.  Get  with  dividers  the  exact  centre  of  the 
exterior  side  of  trunnion  to  which  the  sight  is  to  be  fitted. 
Drill  and  tap  a  hole  in  the  trunnion  large  enough  to  re- 
ceive the  screw  of  the  stud  which  clamps  the  sight  to 
trunnion.  As  soon  as  this  hole  is  drilled,  screw  the  trun- 
nion-plate to  the  trunnion.  Where  the  trunnion  is  not  of 
sufficient  length  to  admit  of  a  trunnion-sight  without  ex- 
tension of  the  trunnion,  a  trunnion-box  is  fitted,  which 
prolongs  the  trunnion  and  admits  of  the  sight  being  fitted 
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to  it.  The  trunnion-plate  being  screwed  on,  screw  in  the 
stud  with  the  heaver.  Fit  the  trunnion-sight  on  this  stud 
by  means  of  the  hole  through  the  sight  at  the  centre. 
Place  a  washer  on  the  stud  and  set  up  the  whole  with 
wing-nut.  Some  of  these  trunnion-sights  are  fitted  with 
levels  in  them,  and  others  have  to  be  used  in  connection 
with  an  outside  level.  In  either  case  bring  the  trunnion- 
sight  to  a  level,  and  then  mark  on  the  trunnion-plate  where 
the  point  zero  degrees  of  trunnion-sight  comes.  Have  this 
point  for  a  permanent  mark  on  trunnion. 

1372.  MARKING  REAR  SIGHTS.  —  The  uppermost  line  on 
the  stem  marked  level  is  the  zero  of  the  other  graduations ; 
and  when  adjusted  to  the  level  of  the  top  of  the  sight-box, 
the  bottom  of  the  notch  in  the  head  of  the  rear  sight  and  the 
apex  of  the  front  sight.     The  line  of  sight  coincides  with  these 
points,  and  it  is  parallel  to  the  bore ;  and  when  continued  to 
a  distant  horizon,  the  gun  is  laid  level  or  horizontal. 

Sights  should  invariably  be  made  so  that  the  level  line  on 
the  stem  will  correspond  with  the  bottom  of  the  head  when 
it  rests  on  the  sight-box,  and  thus  secure  a  dispart-sight  in 
case  of  accident  to  the  screw  in  sight-box. 

The  ranges  are  marked  in  even  hundreds  of  yards,  begin- 
ning with  100  yards,  and  marking  downwards  to  the  greatest 
range.  The  longer  lines,  representing  the  odd  hundreds,  have 
the  number  marked  upon  them  ;  the  shorter  lines  not  marked, 
the  even  hundreds.  The  proper  time  of  fuze  is  also  marked 
for  the  corresponding  distance. 

These  sights  being  each  adjusted  to  a  particular  gun,  and 
marked  with  its  class  and  number,  do  not,  in  strictness,  admit 
of  being  transferred  to  other  guns,  even  of  the  same  class. 
The  graduation  differs  for  each  class  of  guns  and  for  the 
same  guns  for  different  charges. 

When  used,  the  stem  of  the  rear  sight  must  be  raised  or 
lowered,  to  correspond  with  the  ascertained  or  estimated  dis- 
tance, in  yards,  of  the  object  aimed  at,  and  firmly  secured 
there  by  the  thumb-screw.  Then,  if  the  ship  be  steady,  ele- 
vate or  depress  the  gun  until  the  line  of  sight  from  the  bottom 
of  the  notch  of  the  breech-sight,  the  top  of  the  front  sight, 
and  the  point  to  be  struck  will  coincide;  but  if  the  ship  have 
a  rolling  motion  the  gun  must  be  so  laid  after  the  sight  is  set 
for  the  distance,  that  this  coincidence  may  be  obtained,  if 
possible,  at  the  most  favorable  part  of  every  roll  which  the 
ship  makes. 

1373.  GRADUATION  FOR  DEGREES.  —  To  determine  the 
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graduation  of  the  rear  sight  for  degrees  involves  the  solution 
of  a  triangle  of  which  one  side  and  the  three  angles  are 
known.  Thus  in  the  figure  (380),  A  is  the  position  of  the 
front  sight,  AB  is  the  distance  from  the  front  sight  to  the 
rear  face  of  the  breech-sight  bar ;  this  line  being  parallel  to 


FIG.  380. 


the  axis  of  the  bore,  the  angle  B  is  60°  ;  the  problem  is  to 
determine  the  length  of  the  side  BC  for  all  the  values  given 
to  the  angle  A. 
We  have 

sin  C  :  sin  A  :  :  AB  :  BC, 


BC  = 


AB  sin  A 
sin  C 


=  AB,  sin  A 


It  will  be  sufficiently  accurate,  after  having  determined 
the  value  of  BC  for  one  degree,  to  multiply  it  by  2,  3,  4,  etc., 
in  order  to  determine  BC  for  these  different  values  of  A. 

It  is  evident  that,  for  the  same  value  of  A,  the  length  of 
the  side  BC  will  increase  with  the  length  of  the  side  AB ; 
hence,  when  it  may  be  necessary  to  shift  the  front  sight  from 
the  cylinder  to  the  muzzle,  the  rear  sight  must  be  replaced  by 
another  graduated  in  proportion  to  the  increased  length  of 
the  side  AB. 

1374.  CLEARANCE-ANGLE.  —  All  guns  fitted  with  a  front 
sight  on  the  top  of  the  piece  between  the  trunnions  have  what 
is  called  a  clearance-angle.     This  may  be  defined  as  the  angle 
of  elevation  obtained  when  the  bottom  of  the  notch  of  the  rear 
sight  and  the  top  of  the  front  sight  and  the  notch  on  the 
muzzle  are  in  line. 

If  the  rear  sight  is  raised  above  this  angle,  the  front  sight 
falls  below  the  line,  joining  the  notch  of  the  rear  sight  and 
the  muzzle. 

The  muzzle-notch  must  then  be  taken  as  the  second  point 
of  sight. 

1375.  PERMANENT    ANGLE.  —  It   is    always   important 
that  the  captain  of  the  gun  should  be  able  to  aim  directly  at 
the  object,  so  as  to  reduce  the  personal  equation  to  a  minimum. 
But  in  consequence  of  the  deviation  due  to  the  rifling,  there 
is  always  a  deflection  from  the  line  of  sight.     To  avoid  this, 
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the  rear  sight  is  set  at  a  permanent  angle  of  deflection,  so  that, 
no  matter  how  much  it  is  raised,  the  line  of  sight  will  always 
pass  through  the  object.  The  formula  for  determining  the 
angle  for  each  range  is 

deflection 

tan  0  —  -  -  X  cosec  elevation, 

range 

Let  b  c  (Fig.  381)  represent  a  perpendicular  rear  sight, 
and/  the  front  sight  of  the  gun;  then  bft  represents  the 
line  of  sight,  the  gun  being  laid  on  the  target,  t,  at  the  angle 
of  elevation,  bfc  =  e.  Suppose  s  to  be  the  point  where  the 
shot  falls,  then  t  s  measured  at  right  angles  to  the  line  of 


sight  represents  the  deflection  of  the  shot.  Join  sf,  produce 
it  to  a,  draw  b  a  at  right  angles  to  b  £,  and  join  a  c;  now  a 
is  the  point  at  which  the  head  of  the  rear  sight  should  be 
placed  in  order  to  compensate  for  the  deflection  t  s ;  and 
a  c  b  =.  6  is  the  angle  of  deflection  required.  Let  the  range 
/ 1  equal  r,  and  the  deflection  t  s  equal  d.  Now,  in  the  simi- 
lar triangles, 

ab st  _  d 

V~"tf~---r; 
but  ab  =  be  tan  <9,  and  bf  =  be  cosec  e, 

d         be  tan  6  .d 

-  =  i —          — ;  tan  fe-  cosec  e. 

r        be  cosec  e  r 

1376.  RANGE-TABLES.  —  A  properly  constructed  gauge- 
table  for  a  particular  piece  contains  the  range  and  time  of 
flight  for  each  elevation,  charge  of  powder,  and  kind  of  pro- 
jectile. Its  object  is  to  serve  as  a  guide  in  pointing,  without 
waste  of  time  and  ammunition,  and  also  when  the  effect,  of 
the  projectile  cannot  be  seen.  It  aids  in  securing  good  prac- 
tice. 

The  Ordnance  Instructions  contain  approximate  range 
tables  for  the  service  cannon. 

It  is  with  great  difficulty  that  tables  are  constructed  from 
the  results  of  the  most  careful  experiments,  owing  to  the 
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very  different  ranges  and  deflections  obtained  in  firing  pro- 
jectiles, even  from  the  same  gun  with  similar  charges  and 
elevations. 

It  must  be  remembered  that  any  practice  table  will  only 
serve  as  a  general  guide,  and  that  small  alterations  in  eleva- 
tion or  deflection  are  required,  according  to  the  force  and 
direction  of  the  wind,  the  position  of  the  piece  with  respect 
to  the  object,  the  quality  of  the  powder,  and  several  other 
circumstances. 

1377.  DETERMINING  DISTANCES.  —  In  all  circum- 
stances where  ordnance  is  employed,  whether  in  the  field  or 
on  the  water,  a  knowledge  of  the  distance  is  the  essential 
element  of  correct  practice. 

When  considerable,  it  is  usually  estimated  very  vaguely ; 
but  the  necessity  of  knowing  it  as  correctly  as  possible  at 
long  ranges  is  greater  than  when  the  trajectory  is  nearly  flat 
as  in  short  ranges,  elevation  being  given  according  to  the 
distance,  and  inaccuracy  increasing  with  length  of  range. 

At  considerable  distances,  also,  there  is  more  leisure  and 
opportunity,  as  well  as  greater  necessity,  for  determining 
those  distances  with  precision,  while  in  closer  action  all  that 
is  required  is  to  be  certain  that  the  enemy  is  within  range  at 
level. 

Within  that  range,  if  the  hull  of  an  enemy's  ship  is  ob- 
scured by  smoke  or  darkness,  the  aim  may  be  directed  by 
the  flash  of  his  guns. 

Various  modes  have  been  practised  to  ascertain  at  sea  the 
distance  from  the  object  aimed  at,  so  as  to  regulate  the  eleva- 
tion of  guns,  but  none  can  be  depended  upon  for  giving  it 
with  minute  accuracy,  and  even  when  obtained,  it  is  continu- 
ally varying ;  therefore,  when  the  projectile  is  seen  to  exceed 
or  fall  short  of  the  object  considerably,  the  sight-bar  must 
be  re-adjusted  accordingly.  It  thus  becomes,  under  ordinary 
circumstances,  a  good  instrument  for  approximating  dis- 
tances. 

The  correction  of  the  fire  by  previous  rounds  is  a  practi- 
cal means  which  is  much  resorted  to  on  all  occasions,  but  it 
is  hardly  to  be  relied  on  when  the  observer  is  near  the  piece 
fired. 

In  departing  from  the  line  of  fire,  however,  the  means 
of  noticing  correctly  the  errors  of  range  increase.  Vessels 
in  line,  therefore,  can  easily  amend  their  elevation  of  gun 
and  time  of  fuze  by  the  signals  of  those  most  remote  from 
them. 
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Officers  of  divisions  and  gun  captains  should  be  frequently 
practised  in  measuring  the  distances  of  objects  by  the  eye  at 
times  when  opportunities  offer,  of  verifying  the  accuracy  of 
their  estimates  by  comparing  it  with  the  distance  obtained  by 
measurement,  or  by  any  other  method  which  will  afford  the  best 
means  of  comparison. 

1378.  Angle  subtended  by  the  Mast  of  the  Enemy.  —  Among 
other  methods   of  estimating   distances   is   that   of  making 
use  of  the  different  angles  subtended  at  different  distances 
by   the   heights,  when   known,  of  the   masts   of  the   ships 
whose  distance  is  desired.     The  heights  and  distances  being 
arranged   in   a   table,  so  that,  by  simply  measuring  with  a 
sextant  the   angular  height   of  the   mast  (as   is   commonly 
done  in  chasing,  to  ascertain  whether  the  chase  be  gaining  or 
losing  distance),  and  entering  the  column  of  angles,  the  cor- 
responding distance  may  be  taken  out. 

1379.  Horizontal    Angles    taken    at    Bow   and    Stern.  -•- 
Another  method  consists   in   taking   simultaneously  at   the 
bow  and  stern  of  the  ship  the  horizontal  angles  between  the 
lines  joining  the  stations  of  the  observers  and  lines  drawn 
from  those  stations  to  the  object.     This  method  requires  a 
favorable  position  of  the  object. 

1380.  Using  Ship's  own  Mast  as  the  Given  Height.  —  The 
distance  may  be  determined  by  making   use   of  the   ship's 
own  mast  as  a  given  height,  causing  an   observer  aloft   to 
measure    the   angle   formed  by  the  mast  when  vertical,  and 
the  line  of  sight  from  the  observer  to  the  object,  and  then 
computing  the  required  horizontal  distances. 

Another  application  in  an  oblique  plane  of  the  horizontal 
method  is  to  let  two  observers,  each  visible  from  the  other, 
take  their  stations  at  the  ends  of  a  rope  whose  length  is  accu- 
rately measured,  and  simultaneously  measure  the  angle  be- 
tween the  other  observer  and  the  object.  The  three  angles 
and  one  side  of  a  triangle  are  thus  obtained,  and  the  side 
wanted  can  be  readily  calculated.  Take,  for  instance,  one 
observer  at  the  main-topmast  cross-trees,  and  the  other  in 
the  main-chains ;  the  main-topmast  back-stay  will  answer  for 
a  base. 

1381.  Buckners  Method.  —  To   determine   the    distance 
of  an  object  at  sea  by  observing  its  angular  distance  from 
(within)  the  offing.     This  is  done  as  follows  : 

In  the  figure  (382)  let  OB  represent  the  sea-level ;  A, 
the  position  of  the  observer  at  the  height,  AB,  above  it; 
AC,  a  horizontal  line,  and  parallel  to  it ;  O,  the  offing,  or 
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edge  of  the  visible  horizon  ;  K,  the  object  whose  distance  is 
required  . 

We  have  CAO  =  dip.,  Bowditch,  Table  XIII. 

OAK  =  angular  distance  of  K  within  the  offing. 
Hence  we  have 

KAB  =  CAB  —  (CAO  +  OAK), 
KAB  =     90°  —  (CAO  +  OAK), 
AB  =  height  of  observer. 

Hence,  in  the  right  triangle  KAB,  we  know  the  angle  A 
and  the  side  AB. 

We  may  find  KB  from  the  formula 

KB 

tan  A  = 


KB  =  AB  tan  A. 


FIG.  382. 

No  correct  use  can  be  made  of  this  method  when 
the  proximity  of  land  interferes  with  the  distance  of  the 
horizon. 

The  corrections  for  curvature  of  the  earth  and  terrestrial 
refraction,  being  slight,  are  neglected. 

1382.  To  use  the  table,  let  an  observer  from  the  cross- 
trees  measure  the  angle  between  the  distant  horizon  and  the 
enemy's  water-line,  and  enter  the  table  with  that  angle  in 
the  column  corresponding  to  his  height  above  the  sea-level ; 
opposite  to  it,  in  the  column  marked  "  Distance,"  will  be 
found  the  distance  of  the  object  in  yards. 
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YARDS. 

HEIGHT  OP  THE  EYE  ABOVE  THE  LEVEL  OF  THE  SEA  IN  FEET. 

Distance. 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0   1 

0   ' 

0   1 

o  / 

0   / 

0   / 

0   ' 

0   1 

0   1 

100 

3.44 

5.57 

7.59 

9.21 

11.11 

13.00 

14.47 

16.34 

18.16 

200 

1.60 

2.46 

3.43 

4.39 

5.35 

6.31 

7.27 

8.23 

9.18 

300 

1.12 

1.49 

2.26 

3.04 

3.41 

4.19 

4.56 

5.33 

6.11 

400 

.52 

1.21 

1.48 

2.16 

2.44 

3.12 

3.40 

4.08 

4.36 

500 

.41 

1.03 

1.25 

1.48 

2.10 

2.32 

2.54 

3.17 

3.39 

600 

.34 

.52 

1.10 

1.29 

1.47 

2.05 

2.24 

2.42 

3.01 

700 

.28 

.44 

1.01 

1.15 

1.31 

1.46 

2.01 

2.18 

2.34 

800 

.24 

.38 

.51 

1.05 

1.18 

1.32 

1.46 

2.00 

2.13 

900 

.21 

.33 

.45 

.57 

1.09 

1.22 

1.33 

1.45 

1.57 

1000 

.18 

.29 

.40 

.50 

1.01 

1.12 

1.23 

1.34 

1.45 

1100 

.16 

.26 

.35 

.45 

.55 

1.05 

1.15 

1.24 

1.34 

1200 

.15 

.23 

.32 

.41 

.50 

.59 

1.08 

1.17 

1.26 

1300  ' 

.13 

.21 

.29 

.37 

.45 

.53 

1.02 

1.10 

1.18 

1400 

.12 

.19 

.27 

.34 

.41 

.49 

.57 

1.04 

1.12 

1500 

.11 

.18 

.24 

.31 

.38 

.45 

.52 

.59 

1.07 

1600 

.10 

.16 

.22 

.29 

.35 

.42 

.48 

.55 

1.02 

1700 

.09 

.15 

.21 

.27 

.33 

.39 

.45 

.51 

.58 

1800 

.08 

.14 

.19 

.25 

.31 

.36 

.42 

.48 

.54 

1900 

.08 

.13 

.18 

.23 

.29 

.34 

.39 

.45 

.50 

2000 

.07 

.12 

.17 

.22 

.27 

.32 

.37 

.42 

.47 

2100 

.06 

.11 

.16 

.20 

.25 

.30 

.35 

.40 

.45 

2200 

.06 

.10 

.15 

.19 

.24 

.28 

.33 

.38 

.42 

2300 

.05 

.10 

.14 

.18 

.22 

.27 

.31 

.36 

.40 

2400 

.05 

.09 

.13 

.17 

.21 

.25 

.29 

.34 

.38 

2500 

.05 

.08 

.12 

.16 

.20 

.24 

.28 

.32 

.36 

1383.  By  the  Velocity  of  Sound.  —  To  estimate  the  dis- 
tance by  the  bursting  of  shell,  when  the  flash  can  be  seen, 
multiply  the  number  of  seconds  which  elapse  between  it  and 
the  sound  of  the  report  by  1,100,  and  the  product  will  be 
nearly  the  distance  in  feet. 
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1384.  By   the    Three-point    Problem.  —  It    is    sometimes 
convenient,  when   at   anchor,  and   the   object    is    fixed,  to 
measure  with  a  sextant  the  horizontal  angles  between  any 
three  points  conveniently  located,  and  whose  positions  are 
accurately  laid  down  on  the  chart,  then  plotting  the  angles, 
or  working  them  out ;  or  a  base-line  can  be  taken  between 
the   vessels   at   anchor,    or   measured   on    shore ;    then,   by 
angling  on  the  object  to  be  aimed  at,  the  distance  can  be  cal- 
culated. 

1385.  The  Military  Telemeter,  represented  by  Fig.  383,  is 
the  invention  of  Major  P.  Le  Boulenge,  of  the  Belgian  army. 
The  want  of  some  method  of  measuring  the  distance  has  not 
been  satisfactorily  supplied,  for  the  reason  that  the  telemeters 
hitherto  proposed  all  depend  upon  more  or  less  simplified 
processes  of  triangulation ;   and  none  of  these  instruments 
have  been  generally  adopted. 

This  instrument  measures  the  distance  by  observing  the  in- 
terval which  elapses  between  the  smoke  or  flash  and  the 
report  of  fire. 


FIG.  383. 

It  is  a  glass  tube  graduated  along  its  length  into  divisions 
which  represent  distances.  This  tube,  closed  at  both  ends, 
is  filled  with  liquid,  through  which  moves  a  metal  index 
formed  of  two  disks  united  by  a  central  stem.  The  diame- 
ter of  these  disks  is  somewhat  smaller  than  that  of  the  tube, 
so  that,  when  the  latter  is  vertical,  the  index  slowly  descends 
with  a  uniform  movement.  The  glass  is  protected  by  a  brass 
casing  having  an  aperture  which  discloses  the  scale  and 
index. 

To  use  the  telemeter,  hold  it  horizontally  in  the  hand,  the 
index  at  the  origin  of  the  scale,  and  attentively  regard  the 
enemy's  position.  At  the  instant  the  smoke  or  flash  is  per- 
ceived, quickly  turn  the  wrist  so  as  to  bring  the  instrument 
into  the  vertical,  when  the  index  descends ;  upon  hearing  the 
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report,  return  it  to  the  horizontal  by  the  inverse  movement 
of  the  wrist,  and  the  index  stops.  The  number  on  the  scale 
corresponding  to  the  lower  disk,  which  serves  as  marker,  is 
the  distance  sought. 

This  very  simple  chronometric  device  is  characterized  by  a 
uniform  movement,  and  works  with  extreme  precision.  Hence, 
knowing  the  velocity  of  sound  and  that  of  the  index,  it  is 
easy  to  graduate  the  scale  into  divisions  which  exactly  repre- 
sent distances. 

An  important  attribute,  which  has  been  successfully  given 
the  instrument,  is  its  power  of  self-adjustment  for  tempera- 
ture. To  effect  this,  the  volume  and  density  of  the  index  and 
the  density  and  dilatability  of  the  liquid  are  so  combined 
that  the  velocity  of  the  index  is  influenced  by  temperature 
in  the  same  proportion  as  is  the  velocity  of  sound  ;  conse- 
quently the  readings  are  always  correct. 

A  velocity  o-^ihnF  that  °^  sound  has  been  adopted  for 
the  index,  so  that  a  millimetre  on  the  scale  represents  25 
metres  of  distance.  Each  degree  of  the  scale  represents 
25  metres,  and  with  the  eye  the  fifth  of  a  division  can  be 
estimated. 

When  proved  by  vibrations  of  a  pendulum  or  the  beats 
of  a  watch,  this  telemeter  is  absolutely  true,  while  the  exact- 
ness of  its  indications  in  measuring  distances  depends  upon 
the  aptness  of  the  observer. 

From  the  results  obtained,  the  following  conclusions  may 
be  drawn :  the  accidental  error  committed  by  the  ordinary  ob- 
server does  not  generally  exceed  50  metres ;  with  practice 
this  is  diminished  to  20  or  25  metres.  Every  one  has 
his  own  personal  equation,  and  this  should  be  known  to 
derive  all  possible  advantage  from  the  instrument ;  though 
it  varies  little  among  observers,  and  on  the  average  lessens 
the  distance  50  metres,  the  report  being  noted  more  quickly 
than  the  flash  or  smoke.  This  mean  equation  is  corrected  on 
the  instrument  itself  by  making  the  origin  of  the  scale  cor- 
respond, not  to  zero  but  to  50  metres.  It  is  an  advantage 
always  to  use  the  same  telemeter  in  order  to  unite  in  the  per- 
sonal equation  the  slight  error  which  may  exist  in  the  gradu- 
ation. An  observer  is  liable  to  commit  very  great  errors  in 
his  first  attempts,  because,  unaccustomed  to  the  duty,  he  is 
surprised  by  the  flash  or  smoke  and  does  not  promptly  note 
it.  The  error  is  independent  of  the  distance  ;  hence  the  per- 
sonal equation  decreases  slightly  with  the  distance.  The  fire 
of  small  arms  may  be  observed  as  exactly  as  that  of  artillery 
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up  to  2000  metres  in  favorable  weather.  The  wind  appears 
to  have  very  little  influence  upon  the  observation  ;  this, 
however,  has  not  yet  been  fully  proved. 

1386.  PLANE-TABLES  may  be  used  on  shore  to  determine 
distances  and  to  note  the  fall  of  projectiles  in  target-practice 
or  firing  for  ranges.  An  ordinary  plane-table  (Fig.  384)  is 
a  tripod  surmounted  by  a  drawing-board  covered  with  paper. 
To  be  used  in  connection  with  it  is  an  alidade  for  observing 
and  marking  the  ranges. 

This  is  a  flat  metallic  ruler,  resting  and  moving  on  the 
surface  of  the  paper  and  carrying  upon  it  a  light  upright 
column,  at  the  head  of  which  is  another  ruler  having  a  ver- 


Fio.  384. 

tical  movement  only ;  its  extreme  points  are  fitted  with  raised 
sights  (a  notch  and  a  point)  which  collimate  with  the  bev- 
elled edge  of  the  lower  ruler.  At  one  end  of  the  lower  ruler 
is  an  extension  of  the  metal  perforated  to  receive  the  head  of 
a  pin,  the  centre  of  which  is  to  coincide  with  the  bevelled  edge 
of  this  horizontal  ruler. 

Near  one  of  the  corners  of  the  plane-table,  a  small  brass 
plate  is  countersunk  in  the  wood  and  tapped,  so  as  to  receive 
a  pin  about  half  an  inch  long  and  screw  cut,  having  a  milled 
head,  above  which  is  a  continuation  of  the  pin  two-tenths  of 
an  inch  in  length,  turned  perfectly  smooth  so  as  to  permit 
the  rule  to  pivot  about  it  as  a  centre. 

If  the  target  is  on  the  water,  a  point  along  the  shore,  the 
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distance  of  which  from  the  battery  has  been  ascertained,  is 
selected  so  that  a  line  drawn  from  it  towards  the  place  where 
the  first  grazes  are  expected  to  occur  will  be  at  right  angles 
to  the  line  of  fire,  or  nearly  so :  here  one  of  the  plane-tables 
is  placed.  The  other  is  situated  as  nearly  in  line  with  the 
target  and  battery  as  convenient ;  sufficiently  removed,  how- 
ever, not  to  be  inconvenienced  by  the  smoke.  The  two  sta- 
tions should  be  so  situated  that  lines  drawn  from  them  to  the 
target  will  be  nearly  at  right  angles  to  each  other. 

Their  distances  from  each  other  and  from  the  battery  are 
known. 

The  table  is  adjusted  with  the  small  metal  plate  over  the 
stake  that  marks  the  station,  and  levelled. 

The  observer  places  his  alidade  on  the  pivot-pin,  sights 
carefully  on  a  given  point  at  the  battery,  and  marks  on  the 
paper  affixed  to  the  table  the  direction  assigned  by  the  bev- 
elled edge  of  the  ruler.  The  direction  of  the  other  station  is 
noted  in  the  same  way,  as  is  also  the  target  and  any  stakes 
which  may  be  placed  in  the  line  of  fire. 

When  the  cannon  is  ready  to  fire,  a  preparatory  sig- 
nal is  hoisted  at  the  battery ;  seeing  this,  the  observer 
points  the  alidade  in  the  expected  direction  of  the  first 
graze. 

The  signal  is  lowered  and  the  gun  fired.  The  instant  the 
jet  takes  place,  the  sights  of  the  alidade  are  aligned  upon  it, 
and  the  direction  indicated  by  the  bevelled  edge  of  the  ruler 
marked  upon  the  paper. 

The  line  connecting  the  two  stations  is  a  base  from 
which  is  determined  the  position  of  the  point  struck  and  of 
the  battery.  The  projection  of  this  base  on  any  scale  will 
enable  one  to  ascertain  in  terms  of  that  scale  the  distances 
desired. 

After  the  firing,  the  tables  are  returned,  the  observa- 
tions made  on  one  table  transferred  to  the  other,  and  the 
intersections  of  the  lines  locate  the  positions  of  the  points 
struck. 

1387.  DANGEROUS  SPACE.  —  If  the  object  fired  at  be  wide 
but  of  small  depth,  the  deflections,  unless  very  great,  will  be 
of  small  importance  so  long  as  the  ranges  are  regular :  should 
the  object  be  deep  and  only  present  a  narrow  front,  uniform- 
ity in  range  will  be  of  little  importance  when  the  deflections 
vary  considerably. 

The  range  varies  with  the  angle  of  fire  and  the  initial  ve- 
locity, and  depends  at  the  same  time  upon  the  diameter  and 
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density  of  the  projectile.  The  greater  the  velocity,  the  flatter 
the  trajectory,  and  consequently  the  greater  the  chance  of  the 
object  intercepting  the  projectile,  and,  also,  the  longer  the 
extent  of  ground  covered  by  the  projectile,  or  the  dangerous 
space,  making  the  practice  more  accurate. 

1388.  ACCURACY    OF   FIRE.  —  Firing  for  accuracy, 
whether  with  artillery  or  small  arms,  may  involve  two  entirely 
separate  and  distinct  things  : 

1st.  The  determination  of  the  personal  skill  of  the  indi- 
vidual using  the  weapon. 

2d."  The  determination  of  the  qualities  as  regards  accuracy 
of  the  weapon  itself. 

The  most  common  way  of  determining  the  relative  accu- 
racy of  guns  is  to  ascertain  their  mean  differences  of  range 
and  mean  reduced  deflection  for  a  given  mean  range,  and  com- 
pare them  —  that  gun  being  the  most  accurate  for  which 
these  quantities  are  smallest. 

1389.  Mean  Range.  -=-  The  mean  range  is  found  by  adding 
all  the  ranges  together,  and  dividing  the  sum  by  the  number 
of  shots  fired. 

1390.  Mean  Difference  of  Range,  or  the  mean  error  in  range, 
may  be  found  by  taking  the  difference  between  each  range 
and  the  mean  range :  add  the  differences  together,  divide  by 
the  number  of  shots  fired,  and  the  quotient  will  be  the  mean 
difference  of  range. 

1391.  Mean  Deflection.  — Add  together  separately  all  the 
right  deflections   and   all  the  left  deflections;   subtract  the 
smaller  sum   from  the  larger,  and  divide  the  difference  by 
the  number  of  shots  fired ;  the  result  will  be  the  mean  deflec- 
tion. 

1392.  Mean  Reduced  Deflection,  or  the  mean  error  in  direc- 
tion, is  found  by  taking  the  distance  of  each  deflection  from 
a  line  passing  through  the  mean  deflection;  add  these  dis- 
tances, termed  reduced  deflections,  together,  and  divide  by  the 
number  of  shot  fired,  for  the  mean  reduced  deflection. 

1393.  Example.  —  Five  shot  fired  under  similar  circum- 
stances give  the  following  ranges  and  deflections : 

RANGES.  DEFLECTIONS. 

Yards.  Yards. 

1010 4  —  Right. 

1060 1—     " 

1040 2  — Left. 

1020 5—    " 

1030 3  —  Right. 
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M    H  =         =  1032 
Number  of  shot  fired         5 

The  differences  between  each  range  and  the  mean  range 
are  22,  28,  8,  12,  and  2  =  72  yards. 

Jg4  =  14.4  yds.,  wean  difference  of  range. 

Sum  of  right  deflections  —  8  yards. 
Sum  of  left  deflections  =  1     " 
Difference  =  1     " 
1  =  0.2  yards,  right  mean  deflection. 

Deflections  from  line  through  mean  deflection:  3.8,  .8,  2.2, 
5.2,  and  2.8  =  14.8. 

14.8 

—  ^—  =  2.96  yds.,  mean  reduced  deflection. 

1394.  An  exact  definition  of  the  accuracy  of  a  gun  is  a 
matter  of  no  little  difficulty.     Of  two  guns  fired  from  the 
same  place,  the  same  number  of  rounds,  at  the  same  target, 
with  their  axis  in  the  same  direction,  that  would  evidently  be 
the   more   accurate  which  planted  its  shot  more  nearly  to- 
gether.    But  it  is  not  always  possible  to  test  the  practice  of 
guns   under  precisely  similar   circumstances  ;    therefore    we 
must  seek  a  definition  equally  true,  but  admitting,  in  addi- 
tion, more  elasticity  in  its  application. 

Upon  reflection,  it  becomes  evident  that  an  absolutely  ac- 
curate gun'  is  one  with  which,  fired  under  identical  circum- 
stances, the  chance  or  probability  of  striking  the  same  spot 
twice  amounts  to  certainty.  Adopting  the  mathematical  no- 
tion of  probability,  this  will  be  represented  by  unity  —  guns 
less  accurate  having  probabilities  represented  by  fractions. 
such  a  mode,  though  suggested,  has  not  been  accompanied 
by  the  requisite  tables  to  render  it  of  general  use. 

1395.  It  is  easier  to  determine,  from  the  practice  of  the 
gun  itself,  a  rectangle  with  which  there  would  be  an  equal 
chance  of  any  shot  from  the  gun  striking  or  not  striking  ;  or, 
if  a  given  number  of  shots  were  fired,  half  the  number  might 
be  expected  to  fall  within  the  area. 

The  accuracies  of  two  guns  would  be  inversely  as  these 
rectangles  for  the  same  range.  This  method  was  proposed  by 
Captain  Noble,  R.A.,  who  furnished  the  following  formula 
for  application.  If  a  be  the  length,  and  b  the  width  of  the 
area  or  rectangle  required,  then 

319    •    Sd^Q      sum  °f  differences  of  ranges 

O,   —  O.I-/  X   .o4Oo,  -  =  --  —  i  —  —  i  —    —  -f  —    —  —  \ 

one  less  than  number  ot  ranges 

i  :MCO  sum  of  reduced  deflections 

b  =  3.12  X  .8453,       -J—  —  p  --          —  -.  -  . 

one  less  than  number  of  deflections 
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1396.  ACCURACY  OF  SMALL  ARMS.  —  The  relative  pre- 
cision of  small  arms  is  decided  by  various  methods. 

Centre  of  Impact.  —  The  point  of  impact  of  a  ball  is  the 
point  where  it  strikes  the  target,  and  the  mean  of  all  the  hits 
is  called  the  mean  point  of  impact,  or  the  centre  of  impact. 

To  determine  this  point,  let  the  piece  be  pointed  at  the 
centre  of  a  target  stationed  at  the  required  distance,  and  fired 
a  certain  number  of  times,  and  let  the  positions  of  the  shot- 
holes,  measured  in  vertical  and  horizontal  directions  from  the 
lower  left-hand  corner  of  the  target,  be  arranged  as  in  the 
following  table : 


Distances  from  lower  left-hand  Corner  in  Feet. 

T^n    n-f    QVirvf- 

Above. 

Right. 

1 

9 

10 

2 

0 

4 

3 

5 

8 

3)14 

3)22 

4.67 

7.33 

The  sum  of  all  the  vertical  distances  divided  by  the  num- 
ber of  shots  gives  the  height  of  the  centre  of  impact  above- 
the  origin. 

Similarly  the  sum  of  all  the  horizontal  distances  divided 
by  the  number  of  shots  gives  the  horizontal  distance  from  the 
origin  to  the  centre  of  impact. 

Thus  from  the  above  table  the  co-ordinates  of  the  centre 
of  impact  are  4.67  and  7.33.  The  co-ordinates  of  the  centre 
of  the  target  being  6  each,  the  centre  of  impact  is  1.33  below 
and  1.33  to  the  right  of  the  centre  of  the  target. 

1397.  Absolute  Mean  Deviation. — The  co-ordinates  of  the- 
centre  of  impact  being  known,  the  point  itself  is  known,  and 
its  distance  from  the  centre  of  the  target  is  called  the  abso- 
lute mean  deviation.  This  is  equal  to  the  square-root  of  the 
sum  of  the  squares  of  its  vertical  and  horizontal  distances, 
from  the  centre  of  the  target. 
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1398.  Mean  Deviation.  —  To  obtain  the  mean  deviation  it 
is  necessary  to  refer  each  shot-hole  to  the  centre  of  impact 
as  a  new  origin  of  co-ordinates,  and  this  is  done  by  taking 
the  differences  between  each  tabular  distance  and  the  dis- 
tance of  the  centre  of  impact  and  adding  them.     The  sum 
of  all  the  distances  thus  obtained  in  one  direction  divided  by 
the  number  of  shots  gives  the  mean  deviation  or  figure  of  merit. 

A  shorter  rule  may  be  found  :  for  if  there  are  m  distances 
greater,  and  n  distances  less  than  the  distance  from  the  origin 
to  the  centre  of  impact,  #,  calling  a  the  sum  of  the  greater 
and  b  the  sum  of  the  less,  we  may  write 

a  —  mx -4-nx—b       a  —  b  4-  (n  —  m) x 

-  =  —  — —  =  figure  of  merit. 

m-\-n  m  +  n 

In  using  this  formula,  due  care  must  be  paid  to  the  sign 
of  (n  —  m). 

This  method  might  be  applied  to  the  fire  of  cannon  by 
reducing  the  grazes  to  an  imaginary  vertical  target,  the  angles 
of  descent  being  assumed  equal  for  all  shot  fired  at  the  same 
elevation. 

Applying  this  formula  to  the  table  given  above,  we  get 
3.11  feet  vertically,  2.22  feet  horizontally  for  the  mean  devia- 
tion or  figure  of  merit. 

1399.  Mean  Horizontal  and  Mean   Vertical  Error.  —  The 
mean  horizontal  error  is  found  by  adding  the  horizontal  dis- 
tances by  which  the   balls  have  missed  the  centre  of  the 
target,  and  dividing  this  sum  by  the  number  of  balls ;  this 
quotient  indicates  how  much  the  average  of  the  balls  have 
missed  horizontally  the  point  aimed  at. 

It  may  be  directly  and  readily  found  by  using  the  for- 
mula of  the  preceding  article,  substituting  for  x  the  horizon- 
tal distance  of  the  centre  of  the  target  from  the  origin. 

Similarly  the  mean  vertical  error  may  be  found,  by  using 
the  same  formula,  with  the  substitution  for  x  of  the  height 
of  the  centre  of  the  target  above  the  origin.  The  result 
shows  evidently  by  how  much  the  average  of  the  shots  have 
missed  vertically. 

1400.  The  Absolute  Mean  Error.  —  To  get  this,  there  are 
two  methods.     The  first  is  short  and  simple,  and  consists  in 
calculating  the  hypothenuse  of  a  right  triangle,  in  which  the 
other  two  sides  are  the  mean  horizontal  and  mean  vertical 
errors. 

The  second,  which  should  be  called  the  calculation  of  the 
mean  of  the  absolute  errors,  consists  in  measuring  for  each  ball 
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its  absolute  error,  a  distance  from  the  point  aimed  at,  and  to 
take  the  mean  of  these  absolute  errors  by  dividing  their  sum 
by  the  number  of  balls  fired. 

This  method  is  very  long,  since  to  have  the  absolute  error 
of  each  ball,  it  is  necessary  to  square  two  numbers  and  then 
extract  the  square-root  of  these  sums  as  the  distance  of  the 
points  struck  have  been  measured  upon  the  vertical  and  hori- 
zontal lines  passing  through  the  point  aimed  at. 

The  results  are  not  exactly  the  same ;  the  mean  of  the 
absolute  errors  will  be  greater  than  the  absolute  mean  error. 

1-401.  Radius  of  a  Circle  containing  a  Fraction  of  the 
Balls.  —  The  radius  of  a  circle  containing  a  fraction  of 
the  balls,  the  third,  half,  or  two-thirds,. is  a  common  test  of 
accuracy.  Its  centre  is  the  point  aimed  at ;  its  radius  is  the 
absolute  error  of  the  t7iird,  half,  or  two-thirds  of  the  other 
absolute  errors  arranged  in  order  of  size.  Thus,  3,  4,  6,  7, 
9,  15, 18,  21,  25,  being  the  order  in  size  of  the  absolute  errors 
of  nine  balls,  6  will  then  be  the  radius  of  the  circle  contain- 
ing the  third  of  the  best  shots,  9  that  containing  the  best 
half,  and  18  that  containing  the  best  two-thirds.  If  the  num- 
ber of  balls  fired  be  even,  the  circumference  of  the  circle 
should  pass  equally  distant  from  the  two  balls  which  limit  it. 

For  example,  if  we  have  twelve  balls,  and  wish  the  circle 
containing  the  best  third,  the  circumference  should  pass  be- 
tween the  fourth  and  fifth  balls  at  equal  distances,  the  fourth 
within  and  the  fifth  without.  If  the  number  of  balls  be 
uneven,  9  for  example,  and  we  want  a  circle  containing  the 
best  half  of  them,  we  pass  it  through  the  centre  of  the  fifth 
ball. 

1402.  The  Per   Cent.  —  This  test  of  accuracy  indicates 
how  many  of  one  hundred  balls  fired  have  hit  the  target.     To 
get  the  per  cent.,  count  the  number  of  balls,  A,  that  have 
hit  the  target,  of  the  number,  B,  that  have  been  fired,  and 
from  the  proportion     B  :  A  :  :  100  :  x,  we   have   the   per 

100  X  A 

cent.,  x  = n — . 

1$ 

1403.  Comparison  of  the  Different  Methods.  —  The  deter- 
mination of  the  mean  point  of  impact  can  only  be  used  in 
comparing  the  accuracy  of  two  pieces  that  are  of  the  same 
model  and  fired  under  precisely  the  same  conditions ;  thus 
in  general  the  mean  point  of  impact  gives  only  an   imper- 
fect idea  of  the  accuracy  of  a  piece.     The    mean  horizontal 
error  indicates  only  that  the  greatest  number  of  balls  have 
gone  too  far  to  the  right  or  left.    Moreover,  it  may  occur  that 
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two  pieces  have  the  same  horizontal  error,  while  the  mean 
vertical  error  will  be  very  different. 

The  radius  of  a  circle  containing  a  fraction  of  the  balls 
cannot  give  a  perfect  idea  of  the  accuracy  of  a  piece  unless 
the  balls  are  placed  progressively  distant,  which  cannot  rea- 
sonably be  expected. 

The  Per  Cent.  —  If  a  piece  be  fired  that  has  many  causes 
of  error,  and  we  wish  to  test  the  skill  of  the  marksman  or 
the  accuracy  of  the  arm,  only  to  the  extent  of  ascertaining 
how  many  balls  can  be  placed  in  the  target,  this  method  is 
simple  and  sufficiently  exact.  The  surface  covered  by  the 
balls  should,  however,  be  taken  into  account,  for  it  may 
occur  that  with  one  «arm  the  balls  are  scattered  over  the 
entire  target,  while  with  the  other  they  are  grouped  in 'a 
small  space ;  this  latter  piece  would  be  the  more  accurate. 

It  would  appear,  then,  that  the  method  of  the  absolute 
mean  error  should  be  preferred :  for  it  represents  a  quantity 
the  ratio  of  which  to  the  accuracy  of  the  piece  the  mind  can 
readily  perceive  ;  and  this  quantity,  depending  upon  the  posi- 
tion of  each  one  of  the  balls,  varies  when  one  of  them  varies, 
and  thus  gives  a  clear  idea  of  the  accuracy  of  the  piece. 


FIG.  385. 

1404.  THE  INCLINATION  OP  THE  TARGET.  —  The  most 
common  modes  of  recording  target-practice  are:  vertically, 
as  for  small  arms ;  and  horizontally,  as  for  great  guns. 

Slight  vertical  errors  on  a  vertical  target  are  magnified 
into  large  errors  in  range,  while  the  deviations  are  un- 
changed. Doubtless  the  fairest  position  of  the  target  is  that 
which  would  receive  the  projectile  at  right  angles  to  its  own 
surface ;  for  with  this  a  normal  target,  there  will  be  no  distor- 
tion of  errors  either  in  favor  of  or  against  the  gun. 

There  is  no  real  objection  to  any  of  these  positions  of  the 
target,  as  points  on  one  can  be  transferred  to  each  of  the 
other  two  with  facility,  using  the  angles  of  fall  from  Buck- 
ners  Tables,  and  assuming  that  the  path  of  the  projectile 
from  the  vertical  target  to  the  ground  is  a  straight  line. 


PRACTICE    OF    GUNNERY. 

/-< 


691 


From  an  inspection  of  Fig.  380,  it  is  seen  that  error  on 
vertical  target  (B<?)  =  error  on  horizontal  target  (Ac)  X 
tan  A • (1) 

Error  on  normal  target  (<?D)  =  error  on  horizontal  tar- 
get (Ac)  X  sin  A (2). 

If  A,  the  angle  of  fall,  be  very  small,  there  will  be  no 
appreciable  difference  between  its  sine  and  tangent,  and  the 
vertical  and  normal  targets  will  virtually  coincide.  If  A  be 
large,  however,  all  determinations  of  the  accuracy  of  the 
guns  should  strictly  be  made  upon  the  normal  target. 

1405.  RECORD  OF  TARGET-PRACTICE  AT  SEA.  —  The 
record  of  target-practice  with  great  guns  should  give  for 
each  shot  the  calibre  and  class  of  the  gun,  the  weight  of  the 
charge,  the  nature  of  the  projectile ;  if  a  shell,  whether  it 
burst  before  or  after  striking  the  water,  or  not  at  all,  the 
observed  distance  of  the  target,  the  observed  error  in  range, 
observed  or  estimated  deviation,  and  the  distance  for  which 
the  sight  was  set.  In  the  record  should  also  appear  the 
character  of  the  wind  and  the  sea,  the  motion  of  the  ship, 
and  the  circumstances,  so  far  as  can  be  ascertained,  attending 
any  special  occurrence. 

An  officer  and  a  recorder  are  stationed  at  the  topmast 
cross-trees.  The  former  takes  frequently  the  angles  between 
the  sea  horizon  and  the  target,  and  gives  them  to  the  navi- 
gator, who  looks  out  the  corresponding  distances  and  reports 
them  to  the  executive  officer.  The  officer  aloft  also  takes 
the  angles  between  the  horizon  and  each  point  of  impact. 

The  recorder  enters  on  a  ruled  form  all  the  angles  in  suc- 
cession, denoting  target 
angles  by  a  check.  He  also 
has  a  paper  divided  into 
quarters  by  two  lines  at 
right  angles  to  each  other 
through  the  centre  of  the 
page.  Wherever  a  shot  is 
fired,  he  notes  in  the  appro- 
priate quadrant  the  number 
of  the  shot ;  his  own  estima- 
tion of  the  distance  short, 
over,  right,  or  left ;  and  the 
bursting  of  the  shell  as  either  before  or  after  impact. 

Thus  the  diagram  (Fig.  386)  indicates  that  the  fifth  shell 
in  the  order  of  firing  burst  before  impact,  and  the  pieces 
struck  ten  yards  short  and  fifteen  to  the  left ;  also  that  the 
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FIG.  386. 
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seventh  struck  thirty  yards  over  and  five  to  the  right,  burst- 
ing after  impact.  Ricochet  hits  are  marked  by  an  R. 

An  observer  furnished  with  a  similarly  ruled  paper,  and 
stationed  forward  or  aft,  depending  upon  the  wind,  keeps  an 
independent  record  of  his  estimation  of  the  fall  of  the  pro- 
jectile and  the  explosion  of  the  shell  as  a  check  upon  the 
first  recorder. 

A  competent  person  on  the  gun-deck  records  the  number 
of  the  guns  in  their  order  of  firing,  and  the  distances  for 
which  the  sights  were  set. 

The  clerk  notes  the  time  when  firing  began,  and  the  dis- 
tance of  the  target,  the  time  (by  the  order  of  firing)  when 
changes  of  fuze  or  elevation  are  ordered,  and  the  observations 
of  the  captain. 

From  these  data  a  plan  on  the  scale  of  one  inch  to  sixteen 
yards  should  be  made,  giving  the  positions  of  the  several  shot 
on  the  plane  of  the  horizon.  All  shot  not  falling  within  100 
yards  of  the  target  should  be  rejected,  and  reported  in  the 
aggregate  as  "  wild." 

Accompanying  this  should  be  an  elevation  on  the  same 
scale,  of  the  ship's  side,  transferred  to  which  are  all  the  shot 
which  would  have  struck  it.  This  is  easily  made  by  means 
of  tabulated  angles  of  fall  and  eq  (1)  of  the  preceding 
article. 

In  summing  up,  a  proper  proportional  value  should  be 
allowed  for  any  difference  in  distance.  At  600  yds.  the  IX- 
in.,  XI-in.,  and  100-pdr.  are  equal.  At  1,300  yds.  the  pro- 
portion of  hits  for  .IX-in.  should  be  3,  for  4  of  XI-in.  or 
100-pdr.  in  the  same  number  of  rounds. 

With  the  same  guns,  the  hits  at  600  yds.  should  be  twice 
as  many  as  those  at  1,200  yds.,  to  maintain  equality  of  firing. 

As  the  ordinary  variation  in  range  of  a  gun  is  about  50 
yds.,  the  sights  should  be  altered  only  when  the  distance  of 
the  target  changes  by  more  than  that  amount. 

It  should  be  remembered  that  line-shots  over  will  appear 
to  fall  to  the  right  or  left  of  the  target  to  observers  on  the 
right  or  left  of  the  gun. 

1406.  ELEVATING-GEAR.  —  For  the  S.  B.  guns  and  the 
8-irich  M.  L.  R.  the  Dahlgren  elevating-screw  is  used.  This 
is  a  long,  heavy  screw,  with  a  sliding  lever  in  the  head.  The 
screw  works  in  a  threaded  hole  in  the  cascabel,  and  its  lower 
end  rests  in  a  saucer.  One  turn  of  the  screw  changes  the 
elevation  1°. 

For  the  Parrott  guns,  which  have  but  little  preponderance, 
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the  lower  end  of  the  screw  is  fastened  to  the  rear  transom  of 
the  carriage,  and  the  upper  end  works  in  a  nut  pivoted  to  the 
cascabel.  A  sleeve  with  a  thread  on  the  inside,  and  collars 
above  and  below  the  nut,  works  on  the  screw.  For  the  B.  L. 
guns,  two  arcs  are  pivoted,  one  on  each  side  of  the  breech. 
One  is  cogged,  the  other  is  roughed.  The  cogged  arc  gears 
to  a  small  pinion  turned  by  a  hand-wheel ;  the  other  arc  is 
held  by  a  friction-clamp. 

1407.  POINTING  GUNS  AND  HOWITZERS.  —  In  ordinary 
firing  it  is  not  supposed  that  the  trajectory  changes  its  posi- 
tion with  reference  to  the  lines  of  sight  and  fire  for  angles  of 
elevation  and  depression  less  than  15°.  In  aiming  at  any 
object,  therefore,  the  angle  of  elevation  ef  which  is  less  than 
15°,  aim  as  though  it  were  in  the  same  horizontal  plane  with 
the  piece. 

In  pointing  guns  and  howitzers,  under  ordinary  angles  of 
elevation,  the  piece  is  first  directed  towards  the  object  and 
then  elevated  to  suit  the  distance.  The  accuracy  of  the  aim 
depends :  1st.  on  the  fact  that  the  object  is  situated  in  the 
plane  of  sight ;  2d.  that  the  projectile  moves  in  the  plane 
of  fire,  and  that  the  planes  of  sight  and  fire  coincide  or  are 
parallel  and  near  to  each  other ;  3d.  on  the  accuracy  of  the 
elevation. 

The  first  of  these  conditions  depends  on  the  eye  of  the 
gunner,  and  the  accuracy  and  delicacy  of  the  sights;  the 
errors  under  this  head  are  of  but  little  practical  impor- 
tance. 

When  the  trunnions  of  the  piece  are  horizontal  and  the 
sights  are  properly  placed  on  the  surface  of  the  piece,  the 
planes  of  sight  and  fire  will  coincide  ;  but  when  the  axis 
of  the  trunnions  is  inclined  and  the  line  of  sight  is  oblique 
to  the  axis  of  the  bore,  the  planes  are  neither  parallel  nor 
coincident,  and  the  aim  will  be  incorrect. 

When  the  line  of  sight  is  parallel  to  the  line  of  fire  —  as 
when  the  rear  sight  is  at  level  —  the  planes  of  sight  and  fire 
will  be  parallel  and  at  a  distance  from  each  other  equal  to 
the  radius  of  the  breech  multiplied  by  the  sine  of  the  angle 
which  the  trunnions  make  with  the  horizon. 

To  show  this,  let  the  circle,  ABCD  (Fig.  387),  repre- 
sent the  section  of  the  breech  of  the  piece  taken  at  right 
angles  to  the  axis,  and  C  the  projection  of  the  natural  line 
of  sight;  upon  this  plane  let  A'B'  be  the  inclined  position 
of  the  trunnions.  C'  marks  the  revolved  position  of  the 
line  of  sight,  and  C'D',  the  trace  of  the  plane  of  sight  which 
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is  parallel  to  CD,  the  plane  of  fire.  As  the  lines  of  sight 
and  fire  are  parallel  in  their  revolved  position,  the  planes  of 
sight  and  fire  must  also  be  parallel. 

The    angle    COG'  =  BOB',   therefore    CC'  =  OC'   sin 
BOB'. 

It  is  easily  seen  that  in  this  case  the  error  of  pointing  can 
never  exceed  the  radius  of  the  breech.     By  an  inspection  of 

the  figure,  it  will  also  be  seen 
that  in  the  revolved  position  of 
the  line  of  sight,  the  elevation  is 
diminished  by  a  small  quantity, 
which  is  equal  to  the  versed  sine 
of  the  arc  CC'. 

When  the  rear  sight  is  raised 
and  the  line  of  sight  is  no  longer 
parallel  to  the  line  of  fire,  the 
planes  of  sight  and  fire  intersect 
at  a  short  distance  from  the 
muzzle ;  hence  it  follows,  that  as 
FJG  387.  the  object  is  situated  in  the  plane 

of  sight,  the  projectile  will  devi- 
ate from  the  object  to  the  side  on  which  the  lower  trunnion 
is  situated,  and  at  a  distance  from  it  which  is  proportional 
to  the  distance  of  the  object  from  the  piece. 

This  is  shown  in  Fig.  388,  where  the  piece  is  directed  by 


FIG.  388. 


the  notches  at  A  and  C  on  the  object,  B.  The  shot  will  pro- 
ceed in  the  line,  DE,  to  the  right  of  the  object,  B ;  and  at 
long  range  this  deflection,  BE,  would  be  considerable. 

This  cause  of  deviation  is  very  common  on  ship-board, 
for  the  motion  of  the  vessel  renders  it  very  uncertain  that 
the  axis  of  the  trunnions  will  be  horizontal  at  the  moment 
that  the  gun  is  fired.  The  guns  forward  and  aft  are  particu- 
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larly  subjected  to  the  disadvantage  arising  from  this  cause, 
on  account  of  the  sheer  of  the  ship ;  and  the  guns  amidships 
are  usually  more  accurate  in  practice,  because  they  rest  on  a 
more  level  platform. 

In  chase-firing,  this  deviation  must  be  taken  into  consider- 
ation. The  pursuing  and  pursued  have  generally  a  consid- 
erable heel  or  inclination  to  leeward ;  in  consequence  of  this, 
the  trunnions  of  the  guns  in  the  bow  and  stern  parts  of  each 
are  inclined,  and  in  pointing  them  it  will  be  necessary  to  aim 
at  the  weathermost  part  of  the  hull  in  order  to  avoid  the 
effect  of  this  error.  The  proper  elevation  due  to  the  dis- 
tance must  be  given ;  as  although  the  rear  sight  is  slightly 
lowered  by  the  heel  of  the  ship,  yet  it  is  of  no  practical 
importance. 

These  deviations  will,  of  course,  increase  with  the  eleva- 
tion of  the  gun  and  its  distance  from  the  target.  To  give  an 
idea  of  their  extent,  suppose  the  plane  to  have  an  inclina- 
tion of  10°  ;  distance  of  target,  900  yards  ;  elevation,  6°  :  the 
lateral  deviation  will  be  6  yards,  and  the  projectile  will 
strike  too  low  by  about  20  inches ;  if  the  inclination  is  but 
5°,  the  lateral  deviation  is  reduced  to  3  yards,  and  the  fall 
to  5  inches. 

Then  to  correct  for  this  source  of  error :  point  a  little 
above  the  target  and  towards  the  side  of  the  elevated  trun- 
nion, and  make  the  corrections  proportionally  greater  as 
the  distance  of  the  target  and  elevation  of  the  gun  are  in- 
creased. 

1408.  POINTING  SMALL  ARMS.  —  The  rear  sights  of  small 
arms   are   graduated   with   elevation-marks   for  certain   dis- 
tances, generally  every  hundred  yards ;  in  aiming  with  these, 
as  with  all  other  arms,  it  is  first  necessary  to  know  the  dis- 
tance of  the  object.     This  being  known,  and  the  slider  being 
placed  opposite  the  mark  corresponding  to  this  distance,  the 
bottom  of  the  rear  sight-notch  and  the  top  of  the  front  sight 
are  brought  into  a  line  joining  the  object  and  the  eye  of  the 
marksman. 

The  term  coarse  sight  is  used  when  a  considerable  por- 
tion of  the  front  sight  is  seen  above  the  bottom  of  the  rear 
sight-notch ;  and  the  term  fine  sight  when  but  a  small  portion 
is  seen. 

The  graduation-marks  being  determined  for  a  fine  sight, 
the  effect  of  a  coarse  sight  is  to  increase  the  true  range  of 
the  projectile. 

1409.  POINTING  MORTARS.  —  First  give  the  elevation  by 
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adjusting  the  quoin  or  ratchet  until  the  required  number  of 
degrees  is  obtained;  then  the  direction  is  given.  The  circle 
on  which  the  mortar  stands,  being  fitted  with  eccentrics, 
is  made  to  revolve  so  as  to  point  the  mortar  at  the  object 
without  the  trouble  of  swinging  the  vessel  or  moving  the 
mortar  around  with  handspikes.  The  elevation  is  given 
with  tjunners  quadrant,  the  spirit-level  quadrant,  or  the  trun- 
nion-sight. 

1410.  Gunners  Quadrant. — This  is  made  of  brass,  and 
consists  of  a  quarter  of  a  circle  fixed  to  a  long  arm.  (Fig. 
389.)  The  edge  of  the  circle  is  divided  into  degrees,  and  the 
inclination  of  the  arm  to  the  horizon  is  determined  by  a 
plummet  which  is  fastened  at  the  centre  of  the  curve.  This 


FIG.  389. 


quadrant  gives  the  elevation  only  to  within  a  degree.  To  use 
it,  place  the  arm  in  the  muzzle  with  the  quadrant  down ; 
raise  the  muzzle  until  the  plumb-line  cuts  the  required  angle 
on  the  graduated  arc. 

1411.  Spirit-level  Quadrant.  —  This  is  similar  to  the  gun- 
ner's quadrant,  having  instead  of  the  plumb-line  a  movable 
limb  fastened  at  the  centre  of  the  arc,  and  a  spirit-level 
attached  to  it.  The  end  of  this  limb  moves  along  the  gradu- 
ated arc,  and  has  on  it  a  vernier,  by  means  of  which  parts  of 
a  degree  can  be  read  off.  (Fig.  390.) 

This  instrument  is  more  especially  intended  for  use  with 
long  pieces  of  large  calibre,  when  firing  at  great  elevations. 
To  use  it,  insert  the  long  arm  into  the  bore,  with- the  quad- 
rant up ;  there  is  a  stop  on  the  under  side  of  the  arm  to  pre- 
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vent  its  slipping  into  the  chamber ;  the  spirit-level  attached 
to  the  graduated  arc  being  set  to  the  required  angle,  and  the 
piece  elevated  until  the  spirit-level  becomes  horizontal,  which 
will  appear  by  the  bubble  resting  in  the  centre  of  the  glass, 
tube. 

1412.  Trunnion-sight.- — This  consists  of  a  bar  of  ma* 
hogany  or  other  hard  wood  not  liable  to  warp  (Fig.  379),  of 
about  forty  inches  in  length,  two  inches  wide,  and  one  inch 
thick,  with  a  brass  notch  at  the  rear  end  and  a  point  at  the 
other,  so  placed  that  an  imaginary  line  from  the  top  of  the 
point  to  the  bottom  of  the  notch  is  parallel  to  the  upper 
edge.  A  semicircular  plate,  graduated  to  degrees,  is  attached 
to  the  middle  of  the  bar,  so  that  the  bar's  upper  edge  corre- 
sponds to  the  0  of  the  graduation.  A  small  spirit-level  is  let 


FIG.  390. 

into  the  upper  surface  of  the  rear  end  of  the  bar,  and  a 
stout  thumb-screw  passes  through  the  bar  and  the  centre  of 
the  semicircular  plate. 

To  use  this  instrument,  a  screw-hole  is  tapped  in  the  axis 
of  the  right  trunnion  to  receive  the  thumb-screw ;  a  line  is 
marked  on  the  trunnion  perpendicular  to  the  axis  of  the 
piece  and  passing  through  the  axis  of  the  trunnions.  The 
sight  is  secured  by  the  thumb-screw,  with  its  rear  end  raised 
until  the  mark  on  the  trunnion  coincides  with  the  degree  of 
elevation  required.  The  piece  is  now  elevated  until  the 
sight  is  level,  which  will  be  indicated  by  the  spirit-level. 
This  instrument  is  also  designed  to  be  used  with  pivot-guns 
when  the  required  elevation  passes  the  limits  of  the  other 
sights. 

1413.  To  give  lateral  train  in  mortar-firing,  the  trunnion- 
sight  may  be  used,  or  it  can  be  done  by  a  white  line  drawn 
on  the  exterior  of  the  mortar,  in  the  same  vertical  plane  as 
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the  axis  of  the  piece  when  the  trunnions  are  horizontal.    The 
line  is  sometimes  painted  on  the  mortar-bed. 

In  pointing  mortars  on  shore  it  is  an  easy  matter  to  get 
the  direction,  because  the  mortar  is  stationary ;  but  on  ship- 
board, owing  to  the  motion,  it  is  attended  with  difficulty, 
especially  when  the  vessel  is  rolling,  and  the  line  of  fire  can 
only  be  approximate. 

1414.  On  shore,  the  plan  of  giving  the  direction  is  to  de- 
termine practically  two  fixed  points,  which  shall  be  in  a  line 
with  the  piece  and  the  object,  and  sufficiently  near  to  be 
readily  distinguished  by  the  eye.     A  plummet  is  held  in  the 
hand  immediately  behind  the  mortar  and  the  string  made  to 
coincide   with   these    points.     The   mortar   is   then   trained 
until  the  line  of  the  plummet  covers  the  central  line  on  the 
mortar. 

In  mortars,  if  the  axis  of  the  trunnions  is  not  horizontal, 
the  vertical  plane  passing  through  the  line  of  sight  will  still 
be  parallel  to  the  vertical  plane  of  fire,  and  may  be  taken  for 
it,  so  that  it  is  not  necessary  to  have  the  platform  of  mortars 
horizontal. 

1415.  BEARING  OF  THE  ENEMY.  —  It  frequently  happens 
in  action  that  ships  become  quickly  enveloped  in  a  cloud  of 
smoke  so  dense  that  when  looking  through  the  ports  every 
thing  beyond  the  muzzles  of  the  guns  will  be  invisible.    But, 
though  objects  are  thus  shut  out  from  the  view  of  the  bat- 
tery, a  mast  or  a  spar  may  generally  be  seen  from  the  upper 
deck  sufficiently  defined  to  mark  the  position  of  a  vessel,  and 
enable  her  bearings  to  be  accurately  taken  either  by  compass 
or  by  pointers. 

The  principal  care  of  the  commander  must  be  to  keep  his 
guns  always  bearing  on  the  enemy,  and  never  pass  the  limits 
of  extreme  train  for  all  his  guns,  unless  absolutely  necessary 
in  manoeuvring. 

1416.  Director.  —  This  may  be  regulated  by  the  aid  of 
a  bearing-plate,  or  director,  fitted  in  a  convenient  position  on 
the  upper  deck.     It  is  a  species  of  alidade  working  on  a 
graduated  circle  and  giving  the  angular  bearing  of  the  ob- 
ject.    The  arc  is  marked  in  degrees  and  points,  and  the  sev- 
eral bearings  of  concentration  are  indicated  as  well  as  the 
limits  of  extreme  train  for  all  the  guns. 

The  sights  of  the  alidade  are  graduated  so  as  to  be  set 
to  any  degree  of  elevation  or  depression,  according  to  the 
heel  of  the  ship. 

1417.  In  Pointing  with   Marsilly  carriages,  the   amount 
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of  lateral  train  required  is  usually  designated  by  points,  and 
the  elevation  by  the  corresponding  number  of  yards  of 
range. 

In  the  case  of  guns  which  work  upon  pivots  or  on  cen- 
tres, the  motion  of  the  rear  of  the  gun-carriage  being  strictly 
confined  to  the  arc  of  a  circle,  the  position  of  the  gun  with 
reference  to  the  vessel  can  always  be  exactly  defined  by  an 
arc  divided  into  points,  half-points,  and ,  quarter-points,  being 
marked  on  the  deck,  or  by  having  the  training  tracks  gradu- 
ated in  degrees. 

1418.  CONCENTRATED  FIRE.  —  When  all  the  guns  of  a 
battery  are   directed  to  the  same  point  and  are  discharged 
simultaneously,  it  is  called  "  concentrated  firing."    This  kind 
of  firing  is  used  to  the  greatest  advantage  at  short  distances. 
One  of  the  guns  of  the  battery  is  selected  as  the  directing- 
gun. 

1419.  The    Converging-line.  —  This   is   a   line  hooked  to 
the  centre  and  near  the  outside  of  the  upper  port-sill,  and 
held  immediately  under  marks  made  on  the  beams  or  de"ck 
overhead,  for  the  several  bearings  of  a-beam,  on  the  bow  and 
quarter  ;  when  the  gun  is  trained  until  the  sights  are  parallel 
to  it. 

The  midship-gun  is  usually  employed  as  the  direct- 
ing gun,  and  the  angles  of  training  ascertained  for  the 
different  bearings  at  a  constant  distance  of  say  500  yards. 
Though  the  calculations  are  made  for  this  distance,  yet 
this  method  of  training  will  answer  for  all  ranges  within 
1,000  yards. 

1420.  To    Calculate   the   Angles  for    Concentration.  —  On 
the     Beam.  —  Let     A    (Fig.   391) 

be  the  midship-gun  trained  right  c 
a-beam,  B  the  foremost  one,  C  the  ob- 
ject at  a  constant  distance  of  500 
yards.  Let  the  distance  from  A  to 
B,  supposed  known,  equal  96  feet, 
and  the  distance  from  the  centre  of 
port  inboard  be  taken  as  14  feet,  be- 
ing the  same  for  all  the  guns.  Then 
the  angle  C  can  be  easily  found; 

AB 
for  -r-fz  =:  tan  C,  the  angle  of  train- 

AC  FIG.  391. 

ing  for  the  foremost  gun. 

Again,  in  triangle  BDE,  we  have  DE  =  BD  \tan  C,  the 
length  of  the  tangent  to  be  set  off  overhead  from  the  point 
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opposite  the  centre  of  the  port.  For  the  intermediate  guns, 
livide  the  length  DE  by  the  number  of  guns  before  the 

midship  one,  which  will  give 
the  length  of  the  tangent  be- 
fore the  gun  next  to  the  mid- 
ship one ;  twice  this  will  be 
the  length  for  the  next  gun, 
and  so  on.  Thus,  if  DE  =  10.7 
inches,  and  the  number  of 
guns  before  A  be  8,  we  have 

10  7 
F    c  -    -  zz?  1.3  inches,  or  the  length 

FIG.  393. 

for  the  gun  next   to   A ;    2.6 

inches  =  the  length  for  the  next  gun,  and  so  on.  The  same 
measurement  answering  for  the  guns  abaft  A.  With  M.  P. 
carriages,  it  is  only  necessary  to  calculate  the  angle  C  for 
each  gun. 

1421.  On  the  Bow  or  Quarter.  —  Let  A  (Fig.  392)  be  the 
midship-gun  trained  3  points  abaft  the  beam,  B  the  foremost 
one,  C  the  object  distant  500  yards.  Let  the  distance  from 
A  to  B,  supposed  known,  equal  96  feet,  and  the  distance 
from  the  centre  of  the  port  inboard  equal  14  feet  as  before. 
Then  from  the  expression, 

AC -f-  AB  _    tanJ_(B  -fC) 
AC  -  AB  ~"  tan  j  (B  -C)' 

the  angle  B  can  be  easily  found,  which,  taken  from  90°,  will 
give  the  angle  of  training  for  the  foremost  gun.  Again,  in 
triangles  ADE,  BFG,  we  have  DE  =  ADytan  A  and  FG  = 
F  B  Xtan  B,  which  are  the  required  lengths  of  the  tangents 
to  be  set  off  overhead  from  the  points  opposite  the  centres  of 
these  ports.  For  the  intermediate  guns,  divide  the  difference 
between  the  two  lengths  DE  and  FG  by  the  number  of  guns 
before  the  midship  one,  and  add  this  common  difference  to  the 
length  DE  for  the  gun  next  before  the  midship  one,  and  so 
on  to  each  gun  in  succession.  Thus,  let  FG  =  10  ft.  5  in., 
and  DE  =  9  ft.  4  in.,  the  difference  =  1  ft.  1  in. ;  let  the 
number  of  guns  before  A  be  8,  then  we  have  Jg3-  —  1.6  in., 
the  common  difference  for  each  gun  ;  therefore  9  ft.  5.6  in.  = 
the  length  for  the  gun  before  A  ;  9  ft.  7.2  in.  —  the  length 
for  the  next  gun,  and  so  on. 

The  measurements  for  the  corresponding  guns  abaft  the 
midship  one  will  be  found  by  subtracting  the  common  differ- 
ence from  DE,  and  so  on,  from  each  gun  in  succession. 
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The  calculation  of  the  angles  for  3  points  before  the 
beam,  or  for  1£  points  before  and  abaft  the  beam,  is  per- 
formed in  the  same  manner. 

1422.  To  Mark  the  Beams.  —  Having  a  line  parallel  to 
the  keel,  overhead,  at  any  convenient  distance  in  rear  of  the 
guns,  measure  the  assumed  distance  14  ft.  from  the  centre  of 
port   inboard,  and   place  a   perfectly  straight-edged  batten 
there,  parallel  to  the  keel  line ;  then  transfer  the  centre  of 
the  port  to  the  batten  by  stretching  a  line  taut  across  from 
the    centre   of  two   opposite  upper  port-sills;   or  with  any 
length  of  line  as  radius,  from  the  centre  of  the  port,  describe 
an  arc  cutting  the  batten  before  and  abaft  the  centre ;  half 
the  distance  between  these  marks  will  give  the  point  corre- 
sponding to  the  centre  of  the  port.     From  this  centre,  meas- 
ure off  on  the  batten,  to  the  right  and  left,  the  lengths  of  the 
tangents  for  the  different  bearings,  as  calculated  above ;  and 
then  transfer  these  points  to  the  beams  or  deck  immediately 
over  the  batten. 

1423.  THE  ELEVATION. — Each   turn  of  the   elevating- 
screw  represents  1°;  therefore,  if  the  gun  is  once  levelled, 
by  stretching  a  line  across  from  the  reinforce-sights  of  oppo- 
site guns,  and  raising  the  screws  until  this  line  just  touches 
the  bottom  of  the  sight-notch  at  level,  and  the  number  of 
threads  above  the  cascabel  noted,  it  is  apparent  that  each 
turn  raises  or  lowers  the  breech  by  1°,  and  that  the  gun  can 
be  first  made  parallel  with  the  deck  and  then  laid  level  to 
compensate  for  the  degree  of  heel  given  by  the  pendulum  or 
director. 

1424.  Pendulums  to  Mark  the  Heel  of  the  Ship. — Pen- 
dulums  are   fitted   in   convenient   localities,  working   in   a 
graduated  arc,  to  indicate  the  amount  of  heel  or  inclination 
at  any  time,  and  show  the  number  of  degrees  of  elevation  or 
depression  required   to  bring  a  ship's  guns  to  a  horizontal 
position. 

1425.  ELECTRIC   FIRING.  —  Annunciator.  -  On  the 
bridge  is  an  electrical  instrument   called  the   annunciator, 
for  the  use  of  the  Captain  in  firing  the  guns  and  torpedoes 
by  electricity.     By  means  of  this  instrument  the  whole  bat- 
tery may  be  fired  at  once,  or  one  broadside  or  individual 
guns,  as  may  be  desired.      It  is  a  square   box  with  pyram- 
idal top  supported   on    a   standard   of  bronze,  arranged  to 
be  illuminated  at  night.     On  the  starboard  and  port  sides 
on   the   outside   are  the  firing-keys,  one  for  each  gun  and 
one  for  the  broadside.      On  the  inside   on  the  correspond- 
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ing  sides  are  ports,  which,  when  the  circuits  are  completed  on 
the  gun-deck,  show  the  numbers  of  the  guns  to  which  they 
belong.  By  these  means  the  Captain  can  tell  immediately 
what  guns  are  ready  for  firing.  The  wires  are  covered  with 
kerite,  a  very  durable,  insulating  material,  and  are  led 
through  a  pipe  to  the  gun-deck  and  thence  along  the  beams 
to  their  proper  guns.  The  wires  are  enclosed  in  a  wooden 
casing  to  prevent  their  being  injured. 

1426.  Tell-tale.  —  Irr  rear  of  each  gun  on  the  gun-deck  a 
round  brass  box  called  a  tell-tale  is  fastened  to  the  deck  over- 
head, into  which  the  wires  belonging  to  the  gun  are  led.  The 
tell-tale  has  two  disks,  one  white  and*  the  other  red.  When 
there  is  no  circuit,  the  white  disk  only  is  seen  in  the  tell-tale ; 
when  the  circuit  is  complete,  the  red  disk  swings  around  and 
partially  covers  the  white  one.  The  object  of  the  tell-tale  is 
to  show  the  captain  of  the  gun  that  his  primer  is  good  and 
that  there  is  a  current  through  it.  It  also  takes  the  place  of 
"  Ready  "  to  the  crew,  as  it  is  in  plain  sight  of  the  men ;  and 
without  the  tell-tale  indicates  it,  they  know  the  gun  cannot 
be  fired.  If  the  captain  of  the  gun  loses  his  aim,  or  if  there 
is  any  reason  why  the  gun  should  not  be  fired,  he  breaks  the 
circuit  in  his  hand,  which  makes  it  impossible  for  the  gun  to 
be  fired ;  upon  breaking  the  circuit,  the  tell-tale  shows  only 
white,  and  the  number  of  his  gun  disappears  in  the  annunci- 
ator. The  two  wires  leading  from  the  tell-tale  are  termi- 
nated by  an  instrument  called  the  primer-connection,  which 
furnishes  a  ready  means  of  putting  the  primer  in  circuit.  On 
one  of  the  wires,  between  the  tell-tale  and  primer-connection, 
is  a  simple  make-circuit  connection,  which  is  held  by  the 
captain  of  the  gun.  When  the  primer  is  connected  and  the 
circuit  completed  by  the  gun-captain,  the  current  passes, 
causing  the  red  disk  to  show  in  the  tell-tale,  and  the  red 
signal  bearing  the  number  of  the  gun  shows  in  the  annunci- 
ator. This  current  passes  through  sufficient  resistance  in  the 
annunciator  to  prevent  its  firing  the  primer;  but,  when 
the  corresponding  key  or  the  broadside-key  is  pressed,  the 
firing-current  is  switched  into  the  circuit,  and  the  primer 
is  fired.  Two  galvanic  batteries  are  used,  —  one  of 
twelve  cells  to  work  the  tell-tale  and  annunciator  and  to 
test  the  primers,  and  one  of  twenty  cells  for  firing  the 
primers. 
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Section  II.  —  Different  Kinds  of  Fire. 

1427.  CLASSIFICATION.  —  The  different  kinds  of  fires  are 
distinguished,  1st.  By  the  flight  of  the  projectile,  as  direct, 
ricochet,  curved,  and  plunging  fires ;  2d.  By  the  nature  of  the 
projectile,  as  solid-shot,  shell,  shrapnel,  grape,  and  canister  fires ; 
and  3d.  By  the  angle  of  elevation,  as  horizontal  fire,  or. the 
fire  of  guns  and  howitzers  under  low  angles  of  elevation,  and 
vertical  fire,  or  the  fire  of  mortars  under  high  angles  of  eleva- 
tions 

1428.  DIRECT  FIRE.  —  A  fire  is  said  to  be  direct  when 
the  projectile  hits  its  object  before  striking  any  intermediate 
object,  as  the  surface  of  the  ground  or  water. 

This  species  of  fire  is  employed  where  great  penetration 
is  required,  as  the  force  of  the  projectile  is  not  diminished  by 
previous  impact ;  it  is  necessarily  employed  for  shrapnel-fire 
and  for  rifle-projectiles,  which  from  their  form  are  liable  to 
be  deflected  by  previously  striking  a  resisting  substance. 

This  kind  of  fire  requires  a  good  knowledge  of  distance, 
and  precision  both  of  elevation  and  lateral  direction,  in  order 
to  strike  an  object  which  is  comparatively  a  point.  It  is 
always  to  be  preferred  when  the  distance  is  accurately  known, 
or  when  the  object  is  so  near  that  the  chances  of  hitting  it 
are  very  great ;  also  when  the  intervening  surface  between 
the  gun  and  object  is  so  rough  or  irregular  that  a  projectile 
striking  it  would  have  its  velocity  much  diminished  or  de- 
stroyed, and  its  direction  injuriously  affected. 

1429.  RICOCHET  FIRE.  —  When  the  angle  of  fall  is  small 
enough,  the  projectile  rises  and  continues  to  move  on,  form- 
ing  a   series   of  bounds   or  ricochets.     A  ricochetting  ball 
makes   a   furrow  in   the  surface  struck,  and  each  time  the 
angle  under  which  it  leaves  that  surface  is  greater  than  that 
under  which  it  enters  it;  for,  having  lost  a  portion  of  its 
velocity  in  passing  over  the  first  part  of  the  curve,  it  has  no 
longer  the  same  power  to  overcome  resistance,  and  must  pass 
out  by  a  shorter  path  than  the  one  it  followed  in  entering, 
and  consequently  the  angle  is  increased,  which  causes  the 
more  or  less  rapid  extinction  of  the  ricochet. 

The  number,  shape,  and  extent  of  the  ricochets  depend 
on  the  nature  of  the  surface  struck,  the  initial  velocity, 
shape,  size,  and  density  of  the  projectile,  and  on  the  angle  of 
fall.  The  most  favorable  circumstances  under  which  this  fire 
occurs  are  where  the  angle  of  fall  is  least,  and  the  surface 
perfectly  smooth. 
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At  first  the  bounds  are  of  considerable  extent,  perhaps 
350  to  400  yards  between  the  first  and  second  grazes ;  they 
diminish  gradually,  so  as  to  leave  intervals  not  exceeding 
50  yards  as  they  approach  the  end  of  the  range,  and  finally 
roll  along  the  top  of  the  water  as  if  ploughing  it.  Long  be- 
fore this,  however,  they  are  apt  to  curve  off  to  the  right  or 
left  from  the  true  direction,  so  as  to  make  an  extreme  devia- 
tion, often  amounting  to  100  or  200  yards. 

Ricochet  firing,  properly  so  called,  is  performed  at  level, 
or  at  most  at  3°  of  elevation ;  shot  will  often  ricochet  at 
much  greater  angles,  but  it  is  not  what  is  meant  by  ricochet 
firing. 

Upon  smooth  surfaces  within  certain  distances  this  fire 
has  some  important  advantages  over  direct  firing.  When 
the  guns  have  very  little  or  no  elevation  and  are  near  the 
water,  as  they  are  in  a  ship's  battery,  the  projectile  strikes 
the  water  at  a  very  small  angle  ;  its  flight  is  not  greatly  re- 
tarded by  the  graze,  and  it  rises  but  little  above  the  surface 
in  its  course,  but  the  penetration  is  not  to  be  depended  upon 
beyond  1,500  yards  against  ships  of  war. 

Ricochet  firing  at  low  elevations  requires  only  correct 
lateral  direction,  since  the  projectile  would  rarely  pass  over, 
and  would  probably  strike  a  vessel,  if  within  its  effective 
range,  whether  the  actual  distance  had  been  ascertained  or 
not. 

The  deviation  of  projectiles  is,  however,  generally  in- 
creased by  ricochet,  and  in  proportion  to  the  roughness  of 
the  surface  of  the  water.  Even  a  slight  ripple  will  make  a 
perceptible  difference,  not  only  in  direction,  but  in  range 
and  penetration,  and  the  height  to  which  the  projectile  will 
rise  in  its  bounds. 

Although  these  facts  demand  attention,  yet  when  the 
estimated  distance  does  not  require  an  elevation  of  more  than 
3°,  projectiles  from  guns  pointed  rather  too  low  for  direct 
firing  will  probably  ricochet  and  strike  the  object  with  effect, 
even  when  the  water  is  considerably  rough.  This  may  be 
called  "  accidental  ricochet." 

When  the  water  is  not  smooth,  the  most  favorable  cir- 
cumstances for  ricochet  firing  are  when  the  flight  of  the 
projectile  is  with  the  roll  of  the  sea,  and  the  roll  is  long 
and  regular. 

Ricochet  will  be  effective  against  small  objects  up  to 
2,000  yards,  but  should  not  commence  at  less  than  600  yards ; 
at  less  distances  it  is  preferable  to  fire  direct. 
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Ricochet  is  of  no  value  from  rifled  guns  firing  elongated 
projectiles,  as  they  lose  all  certainty  of  direction  on  the  re- 
bound. 

Projectiles  rarely  ricochet  at  all  with  elevations  above 
5°,  and  the  bounds  are  always  higher,  with  equal  charges 
from  the  same  gun,  as  the  elevation  of  the  gun  is  in- 
creased. 

1430.  CURVED  FIRE.  —  When  a  projectile  is  fired  so  as 
just  to  clear  an  interposing  cover  and  then  descend  upon  the 
object  without  ricochets  or  rebounds,  such  practice  is  termed 
curved  fire,  or  liiyli  angle  fire. 

Smaller  charges  and  higher  angles  are  required  than  for 
ordinary  direct  fire.  On  shipboard  it  is  more  convenient  to 
fire  with  service-charges  from  such  distances  as  to  obtain  the 
proper  angle  of  fall. 

1431.  PLUNGING  FIRE.  —  A  fire  is  said  to  be  plunging 
when   the    object  is  situated  below  the  piece.     This  fire  is 
particularly  effective  against  the  decks  of  vessels  of  low  free- 
board and  against  torpedo  boats. 

1432.  SOLID-SHOT    FIRING.  —  Solid    shot   are    generally 
used  when  great  accuracy  at  very  long  range  and  penetra- 
tion are  required.     From  their  great  strength  they  can  be 
fired  with  a  large  charge  of  powder,  which  gives  them  great 
initial  velocity ;  and  having  great  density,  which  diminishes 
the  effect  of  the  resistance  of  the  air,  they  have  great  range 
and  accuracy. 

In  rifle-guns  of  large  calibre  it  is  found  that  solid  shot 
strain  the  guns  from  their  weight,  and  shoot  comparatively 
badly  from  their  length,  which  is  usually  less  than  that  of 
shell.  It  appears  that  the  minimum  length  for  good  shoot- 
ing is  two  calibres,  and  that  shell  have  an  advantage  from 
having  the  weight  so  disposed  as  to  give  a  longer  radius  of 
gyration,  and  therefore  a  better  spin ;  this  has  led  to  the 
almost  universal  substitution  of  battering  shell  for  solid  shot 
in  rifle-guns. 

1433.  SHELL-FIRING.  —  The    diameter    and    velocity   of 
two  projectiles  being  the  same,  the  retarding  effect  of  the  air 
is  inversely  proportioned  to  their  weight ;  hence  a  shell  has 
less  accuracy  and  range  than  a  solid  shot  of  the  same  size. 
The  shot  has  superior  accuracy,  but  the  shell  superior  pow^r, 
as  it  acts  both  by  impact  and  explosion. 

If  there  be  any  difficulty  in  striking  a  given  object,  the 
shot  will  do  so  oftener  than  the  shell ;  or  the  shot  will  cluster 
more  closely  about  any  desired  spot.  On  the  other  hand, 
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the  power  exerted  by  a  single  exploding  shell  is  infinitely 
more  destructive  than  that  of  many  shot.  The  shot  has 
greater  penetration,  but  the  shell  does  not  require  this  prop- 
erty to  the  same  extent,  because  the  former  must  always 
perforate  entirely  to  operate  with  effect,  while  the  action  of 
the  latter  will  be  materially  lessened  in  its  explosive  power, 
if  it  does  pass  through  instead  of  lodging.  Hence  it  may 
be  assumed  that  the  penetration  of  the  shell  is  adequate  to 
its  special  purpose  at  any  distance  where  shot  of  like  weight 
are  effective ;  that  is,  if  the  shot  pass  entirely  through,  the 
shell  may  do  likewise  and  explode  inboard,  or  it  may  lodge 
and  work  great  destruction  to  the  side. 

A  shell  may  be  made  to  burst  either  while  in  motion  or 
when  at  rest ;  in  the  first  case,  each  of  the  fragments  will 
have  a  forward  velocity  proportioned  to  that  of  the  shell  at 
the  moment  of  fracture,  and  spreading  out  will  act  in  the 
same  way  as  a  charge  of  grape ;  while  if  the  shell  is  station- 
ary when  it  bursts,  its  effect  will  mainly  depend  upon  the 
size  of  the  bursting-charge  and  the  consequent  violence  of 
explosion. 

Shells  may  therefore  be  considered  as  having  two  dis- 
tinct applications ;  they  may  be  used  as  missiles  or  as  mines. 
As  missiles  they  are  most  formidable  and  most  generally 
used  against  the  personnel  of  an  enemy ;  but  as  mines  they 
are  most  destructive  against  his  materiel. 

The  effect  of  shells  depends  upon  the  number  of  frag- 
ments produced  by  the  explosion. 

Shells  should  be  used  against  ships  at  all  distances  where 
the  penetration  would  be  sufficient  to  lodge  them.  They  are 
of  no  service  in  breaching  solid  stone  walls,  but  are  very 
effective  against  earthworks,  ordinary  buildings,  and  for 
bombarding. 

1434.  In  firing  shells  with  time-fuzes  it  is  necessary  to 
know  the  time  of  flight,  in  order  to  regulate  the  burning  of 
the  fuze  for  the  range  required.  The  times  of  flight  can  be 
found  with  sufficient  accuracy  for  such  purposes  by  observa- 
tion ;  but  they  may  be  roughly  calculated  for  low  angles  of 
elevation  by  the  formula  — 

t  =  %  \/li  (in  feet)  tan  a. 
Where  R  =  range, 

a  =  angle  of  elevation. 

At  ranges  from  1,000  to  1,100  yards,  the  3^-second  fuze 
is  employed. 
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The  5-second  fuze  is  servicable  between  1,200  and  1,400  yards. 

The  7-second  fuze  between 1,500  and  1,700      " 

The  10-second  fuze  between 1,800  and  2,000      " 

At  ranges  exceeding  this,  fuzes  of  longer  time  are  em- 
ployed. 

It  is  best  to  employ  the  shortest  time-fuze  that  will  reach 
the  object,  because  its  combustion  is  more  powerful,  and 
therefore  less  liable  to  extinction  than  the  fuze  of  greater 
duration. 

The  times  of  flight  and  length  of  fuze  for  all  projectiles, 
so  far  as  ascertained,  are  given  in  the  Range  Tables. 

It  is  preferable,  when  using  time  fuzes,  to  take  up 
such  distances  as  will  correspond  with  the  time  of  flight 
of  one  of  the  regulation  lengths.  When  firing  against 
ships  or  earthworks,  the  fuze  should  be  a  little  longer 
than  necessary  in  order  to  reach  the  object  before  burst- 
ing ;  but  a  little  shorter  when  firing  against  boats  or 
masses  of  troops,  in  order  to  insure  its  bursting  in  front 
of  them. 

1435.  SHRAPNEL-FIRING.  —  The  shrapnel  may  be  defined 
as  a  combination  of  the  shell  and  the  canister,  by  which 
the  former  is  made  to  serve  as  a  case  or  envelope  to  the 
balls  of  the  latter,  carrying  them  to  the  desired  point  near 
the  object,  and  then  opening  to  permit  their  egress.  Its 
sphere  of  operation  can  only  begin  where  the  dispersion 
of  the  common  canister  becomes  too  great,  and  its  effect 
feeble. 

The  effect  of  shrapnel  is  inversely  proportional  to  the 
angle  of  descent,  and  directly  as  the  weight  of  lead  in  the 
shape  of  balls :  the  effect  produced  by  the  bullets  will 
Chiefly  depend  upon  the  bursting  of  the  shell  at  exactly  the 
required  instant;  no  precise  rule  can  be  absolutely  laid 
down  as  to  the  distance  short  of  the  object  at  which 
the  shell  ought  to  burst,  as  so  much  will  depend  upon  the 
velocity  of  the  shell  just  before  it  opens,  and  other  circum- 
stances. They  are  fired  with  the  heaviest  charges  allowed 
for  the  guns. 

The  bursting  of  a  shrapnel  at  the  proper  distance  is  of 
the  very  greatest  importance ;  if  the  shell  bursts  too  soon, 
the  whole  or  greater  part  of  the  balls  will  fall  short,  the 
velocity  and  penetrating  power  being  greatly  diminished  in 
consequence ;  if  the  shell  pass  the  object  before  exploding, 
its  effect  as  a  shrapnel  will  be  entirely  lost. 
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The  effect  of  shrapnel  greatly  depends  on  the  correct 
estimate  of  the  results  that  are  being  produced,  and  in  most 
cases  on  the  judgment  displayed  in  the  constant  efforts  to 
improve  on  the  shooting ;  when  used  intelligently  the  effect 
is  most  excellent.  It  is  possible  generally  from  the  gun  to 
estimate  the  line  and  the  height  of  the  burst  af  the  shell, 
but  not  the  distance  at  which  it  occurs,  and  bad  practice 
commonly  arises  from  a  too  sanguine  estimate  of  effects, 
judging  from  the  appearance  of  the  smoke  of  the  burst  alone  ; 
particular  attention  should  therefore  be  paid  to  any  visible 
marks  of  the  bullets  grazing;  on  water,  splashes  will  be 
seen  ;  on  dry  ground,  puffs  of  dust ;  and  the  greater  their 
velocity  at  the  moment  of  bursting,  the  greater  will  be  the 
effect. 

Shrapnel  should  be  used  from  300  to  900  yards  with  the 
12-pdrs.,  and  from  400  to  1,500  yards  with  Xl-inch. 

A  well-delivered  shrapnel-shell  from  a  heavy  gun  must 
sweep  away  the  crew  of  a  pivot  or  other  gun,  on  a  spar-deck 
not  protected  by  bulwarks. 

1436.  Rifle-shrapnel.  —  The  effect  of  the  oblong  shrapnel 
is  said  to  be  inferior  to  that  of  the  spherical,  but  this  K>as 
been   disproved  by  practice.     At  all  ranges  the  effects  of 
the  oblong  shrapnel  are  found  to  be  superior  to  those  of  the 
spherical. 

Such  a  projectile  fired  from  a  rifled  cannon,  having,  pre- 
vious to  breaking  up,  a  rotatory  motion,  considerable  lateral 
spread  is  given  to  the  bullets  when  released.  The  charge  is 
sometimes  placed  in  a  chamber  at  the  base,  so  that  on  ex- 
plosion there  is  no  tendency  to  increase  the  lateral  spread 
of  the  bullets,  but  rather  to  increase  their  velocity  and  pene- 
tration. 

1437.  GRAPE   AND   CANISTER   FIRING.  —  In  grape  and 
canister  firing,  the  apex  of  the  cone  of  dispersion  is  situ- 
ated in  the  muzzle  of  the  piece,  and  the  destructive  effect 
is   confined  to   short   distances.      The   shape   of   this  cone 
is   the  same  as  in  shrapnel ;   its  intersection  by  a  vertical 
plane  is  circular,  while  that  of  a  horizontal  plane,  as  the 
ground,  is  oval,  with  its  greatest  diameter  in  the  plane  of 
fire. 

The  greatest  number  of  projectiles  are  found  around  the 
axis  of  the  cone,  while  the  extreme  deviations  amount  to 
nearly  one-tenth  of  the  range. 

Grape  and  canister  are  effective  at  short  distances  against 
boats,  exposed  bodies  of  men,  and  the  rigging  of  vessels. 
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Grape,  being  larger  than  canister,  is  effective  at  greater  dis- 
tances. Canister  can  only  be  used  with  effect  at  short  ranges, 
on  account  of  the  rapid  dispersion  of  the  balls,  and  from  the 
fact  that  their  velocity  is  soon  lost  in  consequence  of  their 
comparative  lightness. 

The  fire  of  canister  does  not  always  pr6duce  the  effect 
anticipated  for  it,  because  the  object  is  often  thought  to  be 
nearer  than  it  really  is,  and  the  firing  sometimes  commences 
too  soon ;  also,  the  danger  is  often  thought  to  be  more  im- 
minent than  it  really  is,  and  consequently  proper  care  is  not 
observed  in  aiming. 

On  hard,  flat,  ground,  the  effect  of  canister  depends 
chiefly  on  its  ricochet.  The  guns  being  level,  the  projectiles 
will  effectually  sweep  the  ground  for  several  hundred  yar^s 
in  front. 

When  the  men  on  the  spar-decks  of  the  enemy  are  ex- 
posed, by  the  heeling  of  the  ship,  grape  or  canister  may  be 
used  against  them,  at  distances  ranging  from  200  to  300 
yards.  Against  light  vessels  a  single  stand  of  grape  from 
heavy  guns  may  be  used  at  about  400  yards. 

1438.  Rifled    Canister.  —  It   has   been  believed  that  the 
canister-practice   of  rifle-guns  is  inferior  to  that  of  smooth 
bores,   but    the    comparative    trials    instituted    by   various 
countries  prove  that  the  canister-practice  of  rifle-guns  is  at 
least  as  effective  as  that  of  smooth  bores. 

The  smooth-bore  practice  does  not  usually  extend  beyond 
the  dangerous  fire  of  modern  small  arms,  so  that  generally  at 
all  distances  where  it  can  act  usefully,  the  canister  as  well  as 
the  shrapnel  practice  of  rifled  guns  is  superior  to  that  of 
smooth  bores. 

1439.  HORIZONTAL  FIRE  includes  all  kinds  in  which  the 
projectile  strikes  its  object  with  a  velocity  due  wholly,  or 
nearly  so,  to  the  charge.     In  this  fire  the  ranges  are  regu- 
lated by  alteration  in  the  elevation  of  the  axis  of  the  piece, 
a  fixed  charge  being  generally  used  with  each  nature  of  gun ; 
this  charge  is  the  largest  the  piece  is  capable  of  firing,  so  as 
'to  give  very  high  velocity  to  the  projectile,  and  consequently 
a  low  trajectory,  upon  which  accuracy  of  fire  and  the  extent 
of  ground  effectively  covered  by  the  projectile  mainly  de- 
pend. 

1440.  VERTICAL   FIRE  includes  all  kinds  in  which  the 
projectile  strikes  with  a  velocity  due  wholly,  or  nearly  so,  to 
gravity. 

The  usual  angle  of  fire  of  mortars  is  45°,  which  corre- 
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spends  nearly  with  the  maximum  range.  The  advantages 
of  the  angle  of  greatest  range  are  : 

1st.  Economy  of  powder.  2d.  Diminished  recoil  and 
strain  on  the  piece,  bed,  and  platform.  3d.  More  uni- 
form ranges.  When  the  distance  is  not  great,  and  the 
object  is  to  penetrate  the  roofs  of  magazines,  buildings,  etc., 
the  force  of  fall  may  be  increased  by  firing  under  an  angle 
of  60° 

The  ranges  obtained  under  an  angle  of  60°  are  about 
one-tenth  less  than  those  obtained  with  an  angle  of  45°. 

If  the  object  be  to  produce  effect  by  the  bursting  of  the 
projectile,  the  penetration  should  be  diminished  by  firing 
under  an  angle  of  30°. 

When  the  object  and  the  mortar  are  not  on  the  same 
level,  the  angle  of  greatest  range,  instead  of  being  45°,  is 
45°  db  \  the  angle  of  elevation  or  depression  of  the  object. 
Thus,  to  reach  an  object  elevated  15°  above  a  mortar, 
the  angle  of  greatest  range  would  be  45°  +  7£°  =  52£°  ; 
while,  if  the  object  was  depressed  15°,  the  angle  would  be 


The  angle  of  fire  being  fixed  at  45°  for  objects  on  the 
same  level  with  the  piece,  the  range  is  varied  by  varying 
the  charge  of  powder.  The  practical  rule  is  founded  on  the 
knowledge  of  the  amount  of  powder  necessary  to  diminish 
or  increase  the  range  a  certain  quantity. 

The  13-in.  mortar  with  a  charge  of  3  Ibs.  of  powder 
gives  a  range  of  850  yards,  and  every  additional  £  Ib. 
increases  the  range  about  180  yards  ;  the  elevation  being 
45°. 

A  practical  rule  for  finding  the  time  of  flight  by  which 
the  length  of  the  fuze  is  regulated,  is  to  take  the  square-root 
of  the  range  in  feet,  and  divide  it  by  4  ;  the  quotient  is  the 
approximate  time  in  seconds. 

The  greatest  difficulty  in  firing  mortars  is  to  regulate  the 
charges  properly  ;  very  great  differences  are  found  to  exist 
between  ranges  obtained  under  the  same  circumstances,  and 
these  increase  with  the  range,  whilst  the  lateral  deviations 
are  much  less. 

The  utmost  exactness  is  to  be  observed  in  measuring  and 
filling  the  cartridges,  as  an  ounce  of  powder  makes  an  impor- 
tant variation  in  the  range. 

To  estimate  the  distance  by  the  bursting  of  the  shell, 
where  the  flames  can  be  seen,  multiply  the  number  of 
seconds  that  elapse  between  it  and  the  report  by  1100, 
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and    the   product  will   be   approximately   the    distance    in 
feet.* 

1441.  Falling  Velocity.  —  The  falling  velocity  of  a  mortar- 
shell  at  ordinary  range  may  be  found  with  sufficient  accuracy 
for  practical  purposes  as  follows :  The  shell  may  be  assumed 
to  be  rising  during  half  the  time  of  flight  and  falling  dur- 
ing the  other  half;   therefore,  if  t  be  the  time   of  flight, 
and   V  the  velocity  required,  the  latter  will  be  due  to  %t ; 
thus,  if  for  500  yards  t  =  10",  V  =  gt,.-.  V=  32  X  5  =  160 
feet. 

Mortars  afloat  are  usually  not  to  be  much  dreaded ;  though 
mortar-vessels  moored  in  smooth  water  may  be  very  effec- 
tive. 

Large  mortars  should  be  used  for  the  defence  of  navy 
yards,  or  other  important  stations  on  the  seaboard ;  for, 
although  their  inaccuracy  of  fire  may  cause  many  shells  to 
be  wasted,  the  chance  of  one  or  two  falling  upon  the  deck 
of  any  vessel  would  usually  prevent  its  coming  within  short 
range. 

Vertical  fire  is  of  all  practice  from  ordnance  the  most  un- 
certain as  regards  precision.  The  chief  causes  of  inaccuracy 
of  vertical  fire  are  :  that  the  shells  having  comparatively  low 
velocity,  but  long  times  of  flight,  are  peculiarly  liable  to  con- 
siderable deviation  from  wind  and  other  disturbing  causes ; 
that  the  angles  of  descent  of  mortar-shells,  fired  at  the  usual 
angle  of  45°,  are  so  great  that  unless  the  object  be  of  some 
extent,  an  error  in  range  of  a  few  yards  might  render  the 
shell  useless ;  whereas,  when  a  projectile  is  fired  at  a  low 
angle  of  elevation,  so  much  ground  is  covered  by  it  before 
and  after  grazing  that  an  error  of  some  yards  under  or  over 
would  not  generally  be  of  much  consequence  ;  also,  that  it 
is  difficult  in  practice  to  insure  the  requisite  care  in  weigh- 
ing out  the  charges,  or  to  obtain  powder  of  uniform  qual- 
ity. In  vertical  fire,  as  the  object  cannot  generally  be 
seen,  and  the  piece  is  usually  short,  it  is  very  difficult  to 
point  the  mortar  exactly  in  the  same  line  for  a  number  of 
rounds;  but  if  the  pointing  could  be  performed  with  the 
greatest  accuracy,  irregularities  must  always  occur  in  prac- 
tice with  projectiles  fired  at  high  angles  and  with  low  velo- 
cities. 

1442.  SMALL- ARM  FIRING.  —  The  fire  of  the  rifle-musket 

*  At  the  temperature  of  33°  the  mean  velocity  of  sound  is  1092.5  feet  in  a 
second.  It  is  increased  or  diminished  half  a  foot  for  each  degree  of  temper- 
ature above  or  below  33°. 


712 


NAVAL  ORDNANCE  AND  GUNNERY. 


is  not  effective  beyond  1,200  yards  ;  the  angle  of  fall,  how- 
ever, is  so  great  that  great  care  must  be  exercised  in  deter- 
mining the  exact  distance  of  the  object.  If  the  ground  be 
favorable,  the  projectile  will  ricochet  at  1,000  yards,  which 
increases  the  dangerous  space,  and  therefore  the  chances  of 
hitting  the  object. 

The  limit  of  any  fire  is  determined  by  the  distinctness  of 
vision. 

The  effect  of  small-arm  firing  depends  much  on  the  skill 
and  self-possession  of  the  individual,  for  without  these  quali- 
ties the  most  powerful  and  accurate  arms  will  be  of  little 
avail. 

Section  III.  —  Gun  Implements. 

1443.  STAVES.  —  The  staves  of  all  implements  are  made 
of  tough  ash,  round,  2  in.  in  diameter  for  all  lengths  of  over 
150  in.,  If  in.  for  all  other  lengths  above  100  in.,  and  1£  in. 
for  all  below.     A  tenon  is  made  on  one  end,  i  of  an  in.  less 
in  diameter  than  that  of  the  staff. 

1444.  SPONGES.  —  The  sponge  complete  is  18  in.  longer 

than  the  bore  of  the  gun  for  which 
it  is  intended. 

The  staff  is  2  in.  shorter  than 
the  implement  complete.  The 
tenon  is  1£  in.  shorter  than  the 
head.  In  the  end  of  the  tenon  a 
worm  is  secured  by  means  of  a 
copper  pin  passing  through  a  hole 
in  its  shank  and  the  tenon.  The 
worm,  2  in.  in  length  and  li  in.  in 
diameter,  is  made  of  elastic  com- 
position wire  y2^  of  an  inch  in  diam- 
eter, tapering  at  the  points.  It  is 
right-handed  in  order  to  act  when 
turned  to  the  right,  or  with  the 
sun.  (Fig.  398.) 

The   sponge-head   is    made    of 
poplar  or  other  suitable  light  wood, 
FIG.  393.  and  for  smooth-bore  guns  consists 

of    a    cylindrical    body   4    in.    in 

length,  surmounted  by  a  section  whose  surface  is  similar  to 
that  of  the  chamber  of  the  gun.  This  section  is  i  in. 
shorter  than  the  chamber,  and  the  diameter  of  the  head  at 
any  point  is  1  in.  less  than  the  diameter  of  the  chamber,  or 


n 
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bore,  at  that  point.  For  unchambered  guns  the  sponge-head 
conforms  in  shape  to  the  bottom  of  the  bore ;  the  radius  of 
its  curve  being  \  in.  less  than  that  of  the  bore,  the  cylindrical 
body  is  retained. 

Sponge-heads  for  all  rifled  guns  are  2 
calibres  in  length.     A  hole  of  the  size  of 
the  tenon  is  bored  through  the  axis  of  the 
head,  and  the  head  is  secured  to  the  staff 
by  means  of  a  copper  pin  A-  in.  in  diame- 
ter, through  the  cylindrical  body.     When 
the  head  is  properly  fixed  to  the  staff  it  *» 
bears  firmly  against   the  shoulder  of  the  ' 
tenon,  allowing  the  end  of  the  worm  to 
project  i  in.     (Fig.  394.) 

Sponge-heads  for  greater  calibres  than 
Xl-in.  smooth-bore  and  8-in.  rifles  are  built 
up  hollow.     All  sponge-heads,  when  finish- 
ed, are  primed  with  several  coats  of  boiled  v 
linseed-oil  or  varnish. 

The  ivoollen  sponge  is  made  of  the  shape 
and  size  requisite  to  fit  the  head,  with  an 
allowance  of  1  in.  in  length  for  tacking 
over  the  edge  of  the  base.  The  wool  is 
sheared  so  as  to  allow  no  windage. 

Sponge-caps  for  guns  on  covered  decks 
are  made  of  duck,  of  a  size  to  fit  the 
sponge  snugly,  lapping  1.5  in.  over  the 
base.  The  mouth  is  fitted  with  a  draw- 
string, and  a  becket  is  fitted  to  the  other  end.  These  caps 
are  not  painted,  but  kept  scrubbed.  For  uncovered  guns 
and  all  howitzers,  the  sponge-caps  are  similar  to  the  others, 
except  that  they  are  long  enough  to  gather  around  the  staff. 
Ties  are  fitted  to  secure  them  instead  of  a  draw-string,  and 
they  are  kept  painted  white.  The  cap  is  never  put  on  the 
sponge  unless  both  are  clean  and  dry. 

Bristle  sponge-heads  are  1.5  in.  less  in  diametert  han  the 
chambers  and  bores  of  the  gun  for  which  they  are  intended. 
The  bristles  are  sheared  so  as  to  work  easily  and  leave  no 
windage.  Three  spiral  spaces  are  left  the  whole  length  of 
the  sponge-head,  in  order  to  bring  out  unconsumed  portions 
of  cartridge ;  these  spaces  are  right-handed.  Two-thirds  of 
the  head  is  covered  with  bristles,  one-third  bare  ;  the  end 
of  the  sponge  is  entirely  covered ;  there  is  no  worm  in  bristle- 
sponges. 


FIG.  394. 
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FIG.  395. 


1445.  RAMMERS.  —  The  rammer  complete  is  shorter  than 

the  sponge  by  the  length  of  the  sponge-head.  The  rammer- 
staff  for  smooth  bores  is  equal  to 
the  length  of  the  complete  ram- 
mer, minus  one-third  the  length 
of  the  head. 

The  rammer-head  for  smooth 
bores  (Fig.  395)  is  made  of  ash, 
birch,  beech,  or  other  tough  wood, 
and  consists  of  a  cylindrical  body 
and  hemispherical  neck.  The 
neck  is  struck  with  a  radius  of  2 
in.  The  necks  of  rammer-heads 
above  13  in.  are  cylindrical,  with 
the  same  radius,  and  one-third  the 
length  of  the  head.  The  diame- 
ter of  the  body  is  .25  in.  less  than 
that  of  the  bore ;  its  length,  two- 
thirds  that  of  the  whole  head. 
The  -head  of  a  32-pdr.  rammer 

is  1  calibre  in  length.     For  every  change  of  calibre  of  1  in. 

there  is  a  corresponding  change  of  .25  in.  in  the  length  of 

the  head.  The  rear  of  the  body  is  bev- 
elled off  to  the  neck  in  a  curve  of  1  cali- 
bre. The  front  end  is  hollowed  out  with 

the  same  radius,  the  bottom  of  the  curve 

being  bevelled  off  where  it  meets  the  hole 

for  the  staff,  leaving  the  exterior  of  the 

hole  2  in.  in  diameter.  An  annular  sur- 
face is  left  around  the  face  of  the  head, 

1  in.  in  width,  for  calibres  above  Xl-in. ; 

.75  in.  for  all  others.     The  staff-tenon  is 

two-thirds   the  length   of  the   head,  its 

shoulder  coming  square  up  to  the  base  of 

the  neck.      The  head  is  secured  to  the 

staff  by  a  copper  pin  .2  in.  in  diameter 

through  the    thickest  part  of  the   neck. 

Rammer-heads  for  greater  calibres  than 

Xlll-in.    are    strengthened    by    copper 

bands  .5  in.  wide  around  the  ends  of  the 

head   and   neck ;   the   copper  is   No.  17 

American  wire-gauge. 

Rammer-heads  for  rifled  guns  are  made 

of  composition  (Fig.  396),  cup-shaped,  1  FIG.  396. 
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calibre  in  length,  with  a  neck  two-thirds  the  length  of  the 
body,  and  tapering  from  2  in.  in  diameter  at  the  throat  to 
1.75  in.  at  the  end.  The  extreme 
diameter  of  the  head  is  .25  in.  less 
than  that  of  the  bore.  The  dia- 
phragm between  the  hollow  of  the 
head  and  neck  is  .2  in.  in  thickness. 
The  hollow  of  the  head,  for  a  depth 
of  1.25  in.,  corresponds  to  the  head 
of  the  projectile  in  shape  ;  the  rest  is 
cut  away,  so  as  to  leave  a  shell  .2  in. 
in  thickness.  The  head  is  secured  to 
the  staff  by  two  composition  pins  .2  in. 
in  diameter  through  the  neck.  Metal 
rammer-heads  for  all  guns  above  6- 
in.  calibre  are  lightened  by  having 
segments  cut  out  of  the  body. 

1446.  LADLES.  —  The  ladle  com- 
plete is  of  the  same  length  as  the  ram- 
mer. The  staff  and  head  are  of  the 
same  dimensions,  except  the  length  of 
the  staff,  which  is  li  calibres  shorter 
than  the  rammer-staff.  (Fig.  397.) 

The  diameter  of  the  head  is  re- 
duced (to  make  a  seat  for  the  scoop) 
4  in.  in  length  for  calibres  above  XI- 
in. ;  3  in.  for  all  others.  The  scoop  is 

secured  to 
the  head  by 
two  rows  of 
copper  tacks. 

The  copper  used  for  making  scoops  is 
No.  11  for  calibres  above  XI-in.,  No. 
13  for  XI-in.  and  IX-in.,  and  No.  17 
for  all  howitzers  (American  wire- 
gauge). 

1447.  WORMS.  —  The  worm  com- 
'  "  mm  plete  is  the  same  length  as  the  ram- 
mer.   (Fig.  398.)     The  head  consists 
of  a  round  composition  shaft,  having 
a  worm  2  in.  in  length  at  one  end, 
and  two  straps  8  in.  long  at  the  other, 
the  total  length  being  20  in.    At  8  in. 
FIG.  398.  from  the  end  of  the  worm  is  a  shoulder, 


FIG.  397. 
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for  a  disk  of  composition  .25  in.  less  in  diameter  than  the  bore 
for  which  it  is  intended.  It  is  kept  in  its  place  by  a  key. 
The  staff  fits  into  a  socket  formed  by  the  straps,  and  is  kept 
in  place  by  two  composition  pins  passing  through  both  straps. 
1448.  SECTIONAL  STAVES.  —  The  staves  for  turret  and 
casemate  guns,  where  stoppers  and  shutters  are  used,  are  sec- 
tional, with  spring  connecting  joints.  (Fig.  399.)  One 
section  is  permanently  fixed  to  the  head  of  the  implement, 
projecting  12  in.  beyond  its  base.  As  the  length  of  the  im- 


36 


FIG.  399. 

plement  is  arbitrarily  fixed,  by  the  necessity  of  having  a 
certain  amount  of  staff  beyond  the  end  of  the  bore  when 
the  implement  is  home,  one  length  is  made  longer  or  shorter 
than  the  average,  according  to  necessity.  All  other  sections 
are  36  in.  long  exclusive  of  the  tenons,  which  are  3  in.  in 
length,  a  corresponding  socket  being  fitted  in  the  other  end 
of  the  section.  All  detachable  sections  are  interchangeable. 
Each  gun  is  supplied  with  three  of  the  36-in.  sections.  These, 
together  with  the  fixed  and  odd  sections,  make  the  length  of 
the  different  implements. 

1 


CHAPTEK    XL 

THE    MOTION    OF    PROJECTILES.* 

1449.  A  knowledge  of  the  motion  of  projectiles  in  a  non-re- 
sisting medium  is  useful  as  an  introduction  to  the  discussion  of 
the  motion  of  projectiles  in  air ;  the  following  investigation,  in 
which  the  resistance  of  the  air  is  not  considered,  is  therefore  in- 
troduced here.  The  attraction  of  gravitation  is  assumed  to  be 
constant  and  parallel  to  a  fixed  line. 

1450.  THE  EQUATION  OF  THE  PATH  OF  A  PROJECTILE  IN  A 
NON-RESISTING  MEDIUM. — Let  the  origin  be  taken  at  the  point  of 
projection,  and  let  the  axis  of  y  be  vertical,  and  that  of  a?  hori- 
zontal and  in  the  plane  of  projection ; '  x  and  y  are  the  current 
co-ordinates  of  the  centre  of  gravity  of  the  projectile.  It  is 


FIG.  400. 


evident  that  this  point  will  continue  to  move  in  the  plane  xy, 
as  it  is  projected  in  it,  and  is  subject  to  no  force  tending  to 
withdraw  it  from  that  plane,  u  denotes  the  initial  velocity,  a 
the  angle  of  projection,  and  t  the  time  reckoned  from  the  in- 
stant at  which  tlie  projectile  starts  from  O, 

*  By  Professor  J.  M.  Rice,  Unite(j  States  Navy. 
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The  equations  of  motion  are 

cFx 

—  =  acceleration  parallel  to  the  axis  of  a?  =  0  .....  (1), 

and       ~~  =  acceleration  parallel  to  the  axis  of  y  =  —  g.  ,  .  .(2). 
Integrating  equations  (1)  and  (2),  we  obtain 

yy/vt 

-=-  =  constant  =  u  cos  a, 
at 

/j-fl 

and  -jir  =  constant  —  gt  =  u  sin  a  —  gt  ..........  (3). 

Integrating  again, 

x  =  u  cos  a.  t  .....  (4),  and  y  =  u  sin  a.t  —  \  gf  ........  (5). 

Eliminating  t  between  (4)  and  (5),  we  obtain  the  equation  of  the 
path  or  trajectory 

flft 

—     -f  —  —  ..............  (a\ 

2  u  cos  a 


u? 
or,  putting  h  =  --  , 


tc* 
y  =  te  tan  a  —  7T-^  —  —  ...............  (J) 


cos  a 


h  is  evidently  the  height  from  which  a  body  must  fall  to  ac- 
quire the  velocity  u.  (0)  is  the  form  in  which  this  equation  is 
usually  employed.  It  is  evidently  the  equation  of  a  parabola. 

To  FIND  THE  YERTEX  OF  THE  TRAJECTORY. 
1451.  Multiplying  (5)  by  4A  cos2  a  arid  transposing,  we  have 

a?a  —  4A  sin  a  cos  a.  x  =  —  4A  cos3  a.y. 
Completing  the  square  by  adding  4A'J  sin2  a  cos2  a,  we  have 

(x  —  2A  sin  a  cos  a)a  =  4A2  sin2  a  cos2  a  —  4A  cos'  a.y, 
or  (cc  —  A  sin  2  a)2  =  4A  cos2  a  (A  sin8  a  —  y). 

If  we  pass  to  a  new  system  of  co-ordinate  axes  parallel  to 
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the  old,  by  putting  xl  =  x  —  h  sin  2  a,  and  yt  —  h  sin2  a  —  y,  we 
obtain 

(Kj2  =  4A  cos2  a.y^ 

the  equation  of  a  parabola  referred  to  the  vertex  and  principal 
axes.  The  co-ordinates  of  the  new  origin,  which  is  also  the 
vertex,  are 

a?0  =  x  —  xl  =  h  sin  2a (6), 

and  y0  =  y  -J-  yt  =  A  sin2  a     (see  diagram).. .  .  (7). 

Since  the  curve  is  symmetrical  with  reference  to  SM,  OR, 
which  is  called  the  range  on  a  horizontal  plane,  is  equal  to  2a?0 ; 
but 

2a?0  =  2A  sin  2a  =  R (8), 

R  denoting  the  range. 

2A  sin  2a  is  a  maximum  when 

2a  =  — ,  or  a  =  j  or  45°. 

That  is,  the  greatest  range  is  obtained  when  the  angle  of  ele- 
vation  is  45°  ;  its  value  is  2A,  and  the  corresponding  maximum 

height  is  -^  [see    equation  (7)].     When  a  is  45°.  the  range  is 

2 

therefore  four  times  the  greatest  height. 
Again,  since 

sin  2a  =  sin  (180°  —  2a)  =  sin  2  (90°  —a), 

the  complement  of  any  angle  gives  the  same  range  as  the  angle 
itself. 

To  FIND  THE  TIME  OF  FLIGHT  OF   A  PROJECTILE   ON   A  HORI- 
ZONTAL PLANE. 

1452.  To  find  the  time  of  flight,  we  divide  the  range 
[2A  sin  2a]  by  the  horizontal  velocity  [u  cos  a]  thus, 

2A2sinacosa       4A  sin  a        2^  sin  a 

t  — =  —        — =  —       (9). 

u  cos  a  u  g 

This  equation  gives  the  time  of  flight  in  terms  of  u  and  a; 
to  obtain  t  in  terms  of  R  and  a,  which  is  sometimes  desirable, 
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we  put  x  =  R  and  y  =  0  in  equations  (4)  and  (5),  which  then 
become 

R  =  u  cos  a.  t  and  0  =  u  sin  a.  t  — 

Eliminating  u,  we  obtain 

7?  tan  a  = 


./2  /i?  tan  a 
or  t  =  V-   — (10). 

J 

1453.  To  FIND  THE  ELEVATION  NECESSARY  TO  CAUSE  THE 
TRAJECTORY  TO  PASS  THROUGH  A  POINT  GIVEN  BY  ITS  CO-OR- 
DINATES X'  AND  y',  THE  INITIAL  VELOCITY  BEING  GIVEN. 

x'* 

We  have  y'  =  x'  tan  a  —  -r^-    — ,  to  find  tan  a ; 
9  4n  cos  a' 

putting  tan  a  =  s,  we  have 

—  sec2  a  =  1  -j-  tan"  a  =  1  -}-  £ ; 


COS 

substituting  in  the  above  equation,  it  becomes 

y'  =  x'.  z  • 

4h  •*/«. 

or  -^.#  —  —2  —  1 — z. 


y  — 

a?     * 


or 


s      4A  4A     , 

2* , .  ^    nt* 

a/  /r/3  *  " 

tUf  VU 

(*  7~  /    —       75  7si  -^   —       75 

X    J  X  X  X 


z  =  —r  ±-    44Aa  —  4%'—  a)/a  ........  (11). 

»        x  9 

If     '  and  x'  have  such  values  as  to  make 


there  will  be  two  real  values  of  z^  but  if 
4%'  +  x'*  >  4A" 
the  values  of  z  will  be  imaginary  ;  in  this  case  it  is  therefore  iin-' 


THE    MOTION    OF    PROJECTILES.  721 
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possible  to  so  change  a  as  to  make  the  trajectory  pass  through 
the  point. 


If  4%'  -f-  xn  =  4AS (12), 

there  will  be  one  real  value  of  2. 

Making  x'  and  y'  variables  in  equation  (12),  we  have 

a?  =  ±tf  —  4%  =  4h  (h  —  y} (13), 

the  equation  of  a  parabola  having  its  vertex  on  the  axis  of  y  at 
the  height  h  above  the  origin. 

Since  the  co-ordinates  of  any  point  in  this  curve  will  give, 
when  substituted  in  equation  (11),  a  single  value  of  z,  all  the  tra- 
jectories thus  formed  touch,  but  do  not  cut  the  curve  of  equa- 
tion (13) ;  this  curve  is  called  an  envelop. 

1454.  To  FIND  THE  VELOCITY  OF  A  PROJECTILE  AT  ANY  POINT 
OF  ITS  PATH. 

We  have         v*-- 

\ai; 

(Iff*  fl  ?/ 

substituting  the  values  of  ->-  and  -~  from  equations  (3)  we  de- 
duce 

if  —  y?  cos2  a  -j-  [it  sin  a  —  gf^  \ 

expanding  and  reducing 

v1  =  it?  —  2^  (ut  sin  a  —  ^^2), 
therefore,  by  equation  (5),  v2  =  u*  —  %gy. 
If  we  put  for  it?  its  value  2<y/i,  we  obtain 

-y2  =  2j/  (/<  —  y) (14). 

1455.  To   FIND   THE    DIRECTION    OF   THE   PAJH    AT   ANY   POINT, 

we  differentiate  equation  (5);  thus 

dy  x 

-f-  —  tan  a  —  — =- — n—  =  tan  ^ (15), 

dx  2A  cos  a 

0  being  the  angle  of  inclination  of  the  curve  to  the  axis  of  x. 


722 


NAVAL  ORDNANCE  AND  GUNNERY. 


Putting  -/-  =  0,  we  have  x  =  2A  sin  a  cos  a  =  A  sin  2a,  for 

the  abscissa  of  the  summit,  or  highest  point  of  the  path.  The 
corresponding  value  of  y  is 

h  sin2  a, 

which  is  therefore  the  greatest  height  the  projectile  attains  ;  it 
is  also,  as  might  have  been  anticipated,  the  ordinate  of  the  ver- 
tex ;  see  equation  (7). 

1456.  To  FIND  THE  CO-ORDINATES  OF  THE  POINT  WHERE  A  PRO- 
JECTILE WILL  STRIKE   AN  INCLINED  PLANE   PASSING  THROUGH   THE 

POINT  OF  PROJECTION.  THE  RANGE  ON  THE  INCLINED  PLANE,  AND 
THE  TIME  OF  FLIGHT. 


Let  y=%  tan  (3  be  the  equation 
of  the  line  Of,  which  is  the  inter- 
section of  the  inclined  plane  with 
the  vertical  plane  of  the  path  of 
the  centre  of  gravity  of  the  body. 


M  B 


FIG.  401. 


Let  a?,  and  yl  be  the  co-ordinates  of  P,  and  let  OP=r,  the 
range;  then 

xl  =  r  cos  ft  and  y1  =  r  sin  ft. 


Substituting  in  equation  (a)  we  have 
r  sin  ft  =  r  cos  ft  tan  a 


cos*  ft 


whence  r  =  0,  or  r  — 
and  reducing 


4/4  cos2  a  ' 

4A  cos2  a  (cos  ft  tan  a  —  sin  ft) 

' 


4A  cos  a  sin  (a  —  ft) 
cos,3  ft 


and 


r  cos  j3  =  a?,  = 
r  sin  ft  =  y,  = 


cos  a  sin  (a  —  ft) 
cos  ft  ' 

4A  cos  a  sin  /3sin  (a  —  ft) 
cos?  ft 
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If  the  inclined  plane  cut  the  path  of  the  projectile  below  the 
axis  of  x,  (3  will  be  negative. 

The  time  of  flight  is  found  by  dividing  a?,  by  u  cos  a,  the  hori- 
zontal component  of  initial  velocity  ;  thus, 
i 

4A  cos  a  sin  (a  —  (3)  ^ 

u  cos  j3  cos  a 
putting  for  h  its  value   -  and  reducing, 


cos 


1457.  The  resistance  of  the  air  to  the  motion  of  spherical  solid 
shot  evidently  increases  with  the  square  of  the  diameter,  while 
the  weight  of  the  shot  is  proportional  to  the  cube  of  the  diame- 
ter. This  resistance  is  therefore  less  effective  with  large  spherical 
shot  than  with  small  shot  ;  but  it  is  nevertheless  so  considerable, 
even  in  the  case  of  the  heavy  shot  now  in  use,  as  to  render  the 
above  formulas  inapplicable  in  practice,  except  to  cases  of  low 
initial  velocities  not  exceeding  400  ft.  per  second.     It  increases 
rapidly  with  the  velocity,  being  nearly  proportional  to  the  cube. 

1458.  Equations  (8),  (9),  and  (10)  are  sometimes  used  in  mor- 
tar practice.     If  in  equation  (10)  we  put  g—  32  ft.,  we  have  ap- 
proximately 


t  =  £  ^R  tan  a  ..................  (16). 

If  a  is  45° 


(17). 


Example  10  will  serve  to  show  that  the  results  obtained  by 
these  formulas  are  sufficiently  accurate  for  some  purposes,  when 
the  velocities  are  small.  The  charge  of  powder  used  in  the  ex- 
periments which  furnished  the  data  of  Ex.  10,  was  a  little  less 
than  two  pounds  in  the  first  case,  and  a  little  more  than  two 
pounds  in  the  second  case.  The  following  example,  taken  from 
Owen's  Modern  Artillery,  will  show  how  entirely  untrust- 
worthy these  formulas  are  in  the  cases  of  ordinary  practice. 

The  range  of  a  32-lb.  shot,  fired  with  an  initial  velocity  of 
1600  ft.,  and  with  an  angle  of  elevation  of  4°,  was  5070  ft.  ;  as 
computed  by  formula  (8)  it  should  be  11,130  ft. 
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EXAMPLES. 
• 

1.  The  horizontal  range  of  a  projectile  is  1000  ft.  and  the 
time  of  flight  is  15  seconds.     Required  the  angle  of  elevation, 
velocity  of  projection,  and  greatest  altitude. 

Ana.  a  =  74°  33'  09". 
v  =  250.29  ft. 
H  =  904.69  ft. 

2.  Find  the  velocity  and  angle  of  elevation  of  a  ball  that  it 
may  be  100%  ft.  above  the  ground  at  the  distance  of  one  quarter 
of  a  mile,  and  may  strike  the  ground  at  the  distance  of  one 
mile. 

Ans.  a  =  5°  46'  05. 
v  =  921.566  ft. 

^  3.  What  must  be  the  angle  of  elevation  of  a  body  in  order 
that  the  horizontal  range  may  be  equal  to  three  times  the  greatest 
altitude  ?  What,  that  the  range  may  be  equal  to  the  altitude  ? 

f  4.  A  body  is  projected  at  an  angle  of  elevation  of  60°,  with 
a  velocity  of  150  ft. ;  find  the  co-ordinates  of  its  position,  its 
direction,  and  velocity  at  the  end  of  5  seconds. 

5.  A  body  is  projected  from  the  top  of  a  tower  200  ft.  high, 
at  an  angle  of  elevation  of  60°,  with  a  velocity  of  50  ft. ;  find 
the  range  on  the  horizontal  plane  passing  through  the  foot  of 
the  tower,  and  the  time  of  flight. 

6.  A  body,  projected  in  a  direction  making  an  angle  of  30° 
with  a  plane  whose  inclination  to  the  horizon  is  45°,  fell  upon 
the  plane  at  the  distance  of  250  ft.  from  the  point  of  projection, 
which  is  also  in  the  inclined  plane ;  required,  the  velocity  of  pro- 
jection and  the  time  of  flight. 

7.  At  what  elevation  must  a  shot  be  fired  with  a  velocity  of 
400  ft.  that  it  may  range  2500  yards  on  a  plane  which  descends 
at  an  angle  of  30°'? 

8.  Find  the  velocity  and  angle  of  elevation  that  a  projectile 
may  pass  through  two  points  wnose  co-ordinates  are  a?=300  ft., 
y=60  ft.,  #'=400  ft,  and  ^'=40  ft. ;  also  find  the  horizontal 
range,  greatest  altitude,  and  time  of  flight. 

9.  Show  that  the  maximum  range  on  an  inclined  plane,  of  a 

.   .^.  ,                        .    u*  /I  —  sin  /3\ 
projectile  having  a  given  initial  velocity  u,  is  —   (- TO—) 

in  which  ft  denotes  the  inclination  of  the  plane  to  the  horizon. 
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10.  The  observed  time  of  flight  of  an  8-in.  mortar  shell  was 
16s.O.  the  range  being  3760  ft.,  and  the  angle  of  elevation  45°  ; 
find  the  difference  between  this  observed  time  and  that  obtained 
by  computation  when  the  formulas  of  the  preceding  articles  are 
employed.  Find  the  difference  when  the  range  was  5879.4  ft., 
and  tKe  observed  time  208.8. 

Ana.  —0.7  and  —1.6. 


THE  MOTION  OF  A  PROJECTILE  IN  AIB. 

1459.  .A  complete  and  satisfactory  solution  of  this  problem 
has  not  hitherto  been  published  ;  in  fact,  the  law  of  resistance  of 
the  air,  which  must  be  found  by  experiment,  is  not  yet  fully 
established. 

Some  recent  experiments  made  in  England  by  Professor 
Francis  Bashforth  show  that  the  resistance  of  the  air  to  the  mo- 
tion of  a  projectile  is  approximately  proportional  to  the  cube  of 
its  velocity.  The  direction  of  the  resistance  of  the  air  at  any 
point  of  the  path  of  a  projectile  is  evidently  that  of  a  tangent 
to  the  path  drawn  through  the  point. 

The  following  mathematical  investigation  is,  with  some 
changes  in  the  notation,  substantially  that  of  Professor  Bash- 
forth,  and  the  accompanying  tables  which  will  be  found  in  the 
appendix  to  this  work  are  reprinted  from  his  treatise* ;  by  means 
of  these  tables  the  trajectory  of  a  projectile  and  its  time  of  flight 
may  be  approximately  found. 

1460.  R  denoting  the  resistance  of  the  air,  and  V  the  velo- 
city of  the  projectile,  the  cubic  law  of  resistance  is  expressed 
thus — 

R  =  %  V\ 

In  this  expression  25  is  a  quantity  to  be  determined  by  ex- 
periment ;  it  is  not  the  same  for  all  values  of  V,  and  has  there- 
fore been  tabulated.  The  following  notation  is  adopted  for  the 
purpose  of  simplifying  the  formulas  : 

Let  u  denote  the  horizontal  component  of  the  velocity,  v  the 

*  A  Mathematical  Treatise  on  the  Motion  of  Projectiles,  founded  chiefly  on 
the  Results  of  Experiments  made  with  the  Author's  Chronograph.  By  Francis 
Bashforth,  B.D.  A  slier  &  Co.,  London,  1873. 
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vertical  component,  and  <f)  the  inclination  of  the  curve  to  the 
axis  of  a?, 

then  u  —  F  cos  0,  and  v  ==  F  sin  0 (1) 

Eliminating  F,  and  writing  p  for  tan  0, 

v 
we  have  -  =  tan  $=p\ (2) 

u 

udv  —  vdu 
differentiating,        dp  -         — ^ (6) 

It 

Again,  squaring  and  adding  equations  (1), 
The  equations  of  motion  are,  in  this  case, 

iT*™         (£11 

=  -=-  =  —  26  F3  cos  0 (5) 

sJ-r  '  ^      ' 


df '    dt 
dry       dv 


dt*  '  dt  ' 

which  may  be  written  thus  — 

and 
Eliminating  F, 
hence 

or  [equation  (3)] 
Combining  equati 

du 
-^-  —  —  2o  V  u.  .             

..(7) 

dt 

..(8) 

dt 

udv  —  vdu 
—       fit/  ' 

.   \^j 
..(9) 

dt                  J 
udv  —  vdu             dt 

dt 

u 
ons  (7)  and  (4), 

..(10) 

and,  eliminating  dt  between  (9)  and  (10), 
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du       2b  .  , 

— r  =  —  (1  +P}  dp> 

U  (J 

This  equation  involves  but  two  variables,  and  is  readily  inte- 
grated. Denoting  by  u0  the  value  of  u  corresponding  to  p  =  0, 
or  in  other  words  the  velocity  at  the  highest  point  of  the  curve, 
and  integrating,  we  obtain 


•jp 


or 


u3  ~  u:)  ~     '  a  \P  +  37 


therefore         —  =  — 


u 


Putting    <y  = 

y 

i        i    t  ->  JL 

*; (12) 


but  [equation  (9)]  i  =  -  J|-  ......................  ...(13) 

therefore,  eliminating  w, 


9  |i- 

or  *  =  --•/     .^ (14) 


Again,  dividing  equation  (13)  by  the  identity  -w  =  --57, 
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1  dp         7  u? 

we  obtain         —  = T-,  ordx=-     -  dp, 

u  ydx  g 

and,  substituting  the  value  of  u3  obtained  from  (12),  and  inte- 
grating, we  have 


,-  r 

L          / 

g  J      |i  __  y 


.(15) 


Also,  by  means  of  the  identitv  dy  =pdx,  we  obtain  from 
(15) 


P 


The  quantity  -     -  for  which   y  is  substituted  in   equation 

(12)  may  be  written  thus,  -     —  —  ;  the  numerator  denoting  the 

resistance  of  the  air  at  the  vertex  of  the  trajectory,  and  the  de- 
nominator the  weight  of  the  shot. 
Putting  tan  0  ~  p  and  tan  <£'  =p', 

dp  =  sec"</>  d<b  =  (l+/>a)  d$  ;  introducing  this 
value  of  dp  in  equations  (14),  (15)  and  (16),  and  changing  limits, 
we  obtain 


"*±T  (a] 

~ 


'J,' 

/(f)' 
' 

/<h' 
.      I* 


If 


/-I*' 
yy-t-^ygy  «o_F  (c.) 

Tl — T^ ;          iTT"«i    a          * 

-J^ 
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1461.  Inasmuch  as  it  is  impossible  to  find  the  values  of  a? 
y  and  t  by  direct  integration,  it  has  been  necessary  to  com- 
pute by  quadratures  the  values  of  X,  Y  and  Tfor  all  practical 
values  of  -f-  <b  not  greater  than  60°,  and  of  —  0  not  less  than 
60°  or  45°,  for  values  of  y  =  0.00,  0.01,  0.02...0.18,  0.19,  0.2, 
0.3,  0.4...  4.9,  5.0.  The  value  of  d(f>  generally  used  was  the  cir- 
cular measure  of  1°,  but  when  1  —  y  (Bp  +J?3)  became  small, 

the  successive  values  of  ^  --  T-  —  -—  —  were    subiect   to    rapid 

—  J 


variation  ;  in  such  cases  intervals  of  4  wera  used,  and  the  re- 
sults have  been  given  in  preliminary  tables  (see  Appendix).  By 
the  ordinary  rule  of  proportional  parts,  or,  where  great  accuracy 
is  required,  by  interpolation,  it  will  not  be  difficult  to  find  the 
values  of  X,  Y,  and  T  for  values  of  y  and  0  intermediate  to 
those  given  in  the  tables. 

EXAMPLES   OF   THE   METHODS   OF   FINDING   THE   NUMERICAL 
VALUES  OF  JL,    Y  AND  T,   y  BEING  GIVEN. 

From  the  tables,  page  71,  Appendix  : 

—  |IO  —  I  10  —  I  & 

X         =  X          -  X     \=  .20430  -  .09348  =  .11082, 

0.7j5  O.7j0  0.7_|() 

Y     \=Y     l°—  r    T=.  013448  -.002299  =  .011149, 

••*JM  M.J,,  o.TJ4 

Tt  J  =  .11027,  T  J  =  .07836. 

-JT.41 

Suppose  it  was  required  to  find  the  value  of   Y3t  \     ,  * 

Js. 

Y  T'"-  Y  T+fr  T-  F  T)  X0.41, 

3.2  J3  3.2J3       '        V  3'2Jo  3-Uo/ 

=  .004059  -f  (.006548  —  .005196)  X  0.41 
=  .004059  -f  .001352  X  0.41 
=  .004059  -f  .000554 
=  .004613. 

—  !'.«  —  17.41 

In  the  same  way  X  and  T         may  be  found. 

3.3_J3  3-2_J3 

*  In  this  example  both  limits  are  negative. 
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1462.  In  order  that  the  tables  may  be  used  for  the  solution  of 
problems,  we  see  from  the  above  examples  that  y  must  first  be 
determined  numerically*  having  found  its  value,  we  turn  to  the 
corresponding  table,  and  obtain  [see  Fig. 


and  the  time  in  OA  =  -- 
g 


,  for  the  ascending  branch. 


Now  for  the  descending  branch  we  have  for  the  co-ordinates 
of  the  point  f,  where  the  direction  of  the  curve  is  inclined  at 
an  angle  0  to  the  horizon,  (3  being  negative. 


and  the  time  in  AP'  =  -^  T,  r    • 

g      7  J0 

1463.  To  FIND  THE  RANGE  ON  A  HORIZONTAL  PLANE. 

A  JV 


M 
FIG.  402. 


Having  computed  OM,  we  make  AM=  N'P',  whence 


By  the  help  of  the  tables  |3  can  be  found,  and  this  value  of 
/3  must  be  used  in  calculating  Mp. 

Suppose  it  were  required  to  find  the  height  at  which  the 
shot  would  strike  a  vertical  target  placed  at  the  distance  OL, 
and  the  time  of  flight.  Here  we  have 

*  See  article  1465. 
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which  gives  j3  by  the  help  of  the  tables.  The  value  of  /3  so 
found  must  be  used  to  tind  N'P',  which  subtracted  from  AM, 
computed  by  the  formula  on  page  641,  gives  the  required  height. 
We  must  proceed  in  the  same  way  if  it  be  required  to  find  where 
the  shot  will  be  at  a  given  time. 

u0  may  be  obtained  by  putting  0  =  a  in  equation  (19)  below  (a 
denoting  the  angle  of  projection)  ;  replacing  0,  and  substituting 
the  value  of  u^  we  can  obtain  from  the  same  equation  the  value 
of  u$  (<j>  being  known  or  assumed). 

1464.  Functions  belonging  to  the  descending  branch  are 
usually  distinguished  from  those  belonging  to  the  ascending 
branch  by  a  prime  ;  thus,  0'  denotes  the  angle  made  by  the  de- 
scending branch  of  the  curve  with  the  horizontal  plane. 

The  symbol  f-s  is  sometimes  used  to  denote  feet  per  se- 
cond. 

The  relation  between  the  horizontal  component  of  the  velo- 
city and  the  corresponding  velocity  in  the  curve  is  expressed 

thus  :  V0  cos  (f>  =  u  , 

and,  consequently  (a  being  the  angle  of  projection,  and  Y    the 
initial  velocity),  • 

V  cos  a  =  u. 

1465.  To   DETERMINE   J. 

"We  have  y  =  —  -    (by  definition,  page  639)  ;  ...........  (IT) 

*/ 

Now,  it  is  obvious  that  5  must  increase  directly  with  the  trans- 
verse section  of  the  projectile,  and  inversely  with  its  weight  ; 

(? 
that  is,  it  must  be  proportional  to  —  ,  c  denoting  the  calibre  of 

the  projectile  ;  we  therefore  put 
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in  which  K  has  been  determined  experimentally  for  such  ve- 
locities as  are  likely  to  occur  in  practice  ;  the  factor  '  is 
introduced  to  save  space  in  printing  the  tables. 

From  equations  (11)  and  (18)  we  obtain  by  eliminating  2J 
\    JL      JL  4_  ^L   8  tan  0  -f  tan30 

<~V     g  3 

K  c2 


and  introducing  the  value  of  u*  from  (20)  in  (12)  and  reducing, 
we  have 


K  <?_ 

g'  w 


,, 

)  H  ---  .  -  (3  tan  ^  +  tan  0) 
'    ^ 


'* 

jr 

Log  —  is  found  in  Tables  I  and  II,  and 

Log  (3  tan  0  +  tan3  0)=  Log  /J,  in  Tables  III  and  V. 

EXAMPLES. 

1466.  A  16-pounder  fires  an  (^rival-headed  shot  16  Ibs.  in 
weight  and  3.54  in.  in  diameter,  the  angle  of  projection  being 
2°,  and  the  initial  velocity  1358  ft.  per  sec.  ;  h'nd  the  trajectory 
and  time  of  flight. 

Putting  AT=  (-    -  Y,  and  P   =  (3  tan  0  -f  tan3  0),  (21)  be- 


\  u.    1 
comes 
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^  -  Ma  =  Ycos  2°  =  1358  cos  2°, 
w  =  16  Ibs.,  and  c  =  3.54  in. 

1.358  ar.  co.         9.86710 
2°,  sec  10.00026 


- Log  9.86736 


-}  =  0.40002 3  Log  9.60208 


—  (v  =  1358) Log  0.51793  (Table  I.) 

c  =  3.54 2  Log  1.09800 

w  =  16 ar.  co.  8.79588 

—  -.         .  .Los  0.41181 .       , . Log  0.41181 
g  w 

P,  (Table  III.) Log  9.02038 

0.27051      Log  9.43219 

lOOOi1 

-— )     0.67053 Log  9.82642 

y  =  3.85 Log  0.58539 

T£ 

The  value  of  —  (for  v  =  1358),   employed   in   the   above 

tf 

computation,  is  too  small ;  a  more  accurate  result  may  be  ob- 
tained by  taking  the  value  corresponding  to  the  mean  of  the 
initial  velocity  (1358),  and  the  value  of  ua  obtained  from 

/1000V 
Log     I )   found  above,  thus  : 

Log  J22«=  9.82642, 
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whence  u0  =  1143  ;  but  u^=.  1357 
/.  i  (tvHO 


T7~ 

corresponding  correction  of  Log  —  =  -f-  0.01077. 

K  c*  g 

~.  -  (1250)  ..................................  Log  0.42258 

ff  w 

0.27730  ........  Log  9.44296  * 


(I    -°)=  0.40002 
*    u.  J 


0.67732 Log   9.83079 


y  =  3.91  ...................................  0.59179 

u9  =  1139. 

-i»  -i«  a  ~,y 

.-.X     \=  0.04118.  and  x     =x'=  -*~.  X     \=  1659.7  ft. 

3-9  _JO  -Jo  f/  3-9_Jo 

r    Y=  0.00076.  and  ?/l  =2/7  =  ^  F    1  =  30.67  ft. 

3.9  Jo  ^Jo  <7  1.1  JJf 

T  T=  0.03788,  and  ^1"=  t'  =  ^T     T=  1^.34. 

s-flJo  —  lo  s.aJo 


1467.  For  the  descending  branch,  suppose  we  wish  to  find  the 
co-ordinates  of  the  point  at  which  the  curve  makes  an  angle 
of  2°.4  with  the  axis  of  x,  and  suppose  that  by  a  rough  compu- 
tation it  has  been  found  that  the  mean  velocity  is  about  1080  ft. 
per  sec. 

From  equation  (22)  we  have 

K  c*  f  u.  V 
g'  w  \  1000/ 

......................  8I*g0.169Sl 


c  ......  ................  2  Log  1.09800 

w  .....................  ar.  co.  8.79588 

—  (1080)  .................  Log  0.50680 

y  =  3.714  ....................  0.56989 

*  Obtained  by  adding  correction  to  9.43219. 
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...  X  ~]°  =      0.03670,    »T  =  x*=  1479.2ft; 

».T  Ja.4  — '2.4 

r  T  =  -0.000737,  y\  =  y"=  -  29.70  ft.; 

3.7  _J  9.4  _Js.4 

I7      "  =       0.03920,     ri    =  t"  —  1".387. 

3.1—12.4  -J2.4 

<.4  =  1002.3  /-*. 

The  point  of  projection  being  the  origin,  and  x  and  y  the  co- 
ordinates of  the  centre  of  gravity  of  the  projectile,  and  t  the 
time  when  it  is  moving  in  the  descending  branch  of  its  trajec- 
tory in  a  direction  inclined  to  the  horizon  at  an  angle  of  2°.4, 
we  have 

x=a/  +  af  =  3138.9  ft. 

y  =  y'  +  /  =     0.97  ft. 

t  =  t'  +f=  2".727. 
The  velocity 

=  *>'a.4=  <-4  sec  2°-4  =  1002-3  sec  %°A  -  1003.2  f-s. 
The  range  on  the  horizontal  plane 

=  (3138.9  +  0.97  cot  2°.4),  nearly. 

1468.  A  projectile  3.24  in.  in  diameter  is  discharged  from  a 
16-pdr.  with  ,a  velocity  of  1307t/-s  /  to  lind  u0,  u' ^M  v'9M  a?,  y, 

jr 

and  t  •  the  values  of  --  and  x  being  the  same  as  in  the  preced- 

*7 

ing  example. 

u0  =  1136.5,  <.4  =  1018.6,  <.t  =  1019.5, 

x  =  3101,          y  =  -  1.09,     t  =  2".715. 

A  spherical  shot  8.9  in.  in  diameter,  and  weighing  94  Ibs.,  is 
discharged  with  an  initial  velocity  of  1564  f-s,  the  angle  of 
elevation  being  5°;  find  u0,  u'^  v'^  a?,  y  and  t,  the  mean  value 

of  —  being,  for  the  ascending  branch  that  corresponding  to  a 

t7 

velocity  of  1300  f-s,  and  for  the  descending  branch  that  corre- 
sponding to  900/-«. 

u0  =  920.5,    x,  =  6343',    y,  =  3'.3. 
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1469.  To  FIND  THE  RANGE  ON  A  HORIZONTAL  PLANE. 
0  denoting  the  angle  of  incidence,  we  have 


In  the  above  example,  y  =  3.017  and  y'=2.822, 
also  Y     ]*==  0.006910  =  Y'    ~K 

3.017 I  0  S.322_Jo 

but  Y     T—  T      1"  =  0.008329  -  0.006788  =  0.001541, 

2.8M_|»  2.B22_J» 

— 1   j  —18 

and  F  -  T          =  0.000122. 

2.822_|o  2.»22_Jo 

122 
0  =  8°  +  ^j-j-  =  8°. 079  the  angle  of  incidence. 


=  »T-j-  a/T  °?9  =  3559.7  +  2804.9  =  6364.6. 

_J»  Jo 

In  a  similar  manner  we  obtain  time  of  flight  =  6".58. 

1470.  A  more  accurate  solution  of  the  problem  may  be  ob- 
tained by  dividing  each  branch  of  the  trajectory  into  successive 
portions,  and  using  a  mean  approximate  value  of  K  for  each  por- 
tion ;  the  final  values  of  a?,  y  and  t  will  each  be  equal  to  the 
algebraic  sum  of  the  corresponding  partial  values  thus  obtained. 
It  will  be  convenient  to  change  A  at  points  of  the  curve  where 
its  direction  is  inclined  to  the  horizon  some  entire  number  of 
degrees,  because  the  values  of  JT,  Y,  and  T  are  given  for  all 
those  cases  in  the  tables.* 


1471.  It  will  be  found  sufficient  for  many  practical  purposes 
to  neglect  the  effect  of  gravity,  and  treat  the  motion  of  a  shot 
as  if  its  path  were  a  straight  line ;  this  will  suffice  for  experi- 
mental purposes  when  it  is  desired  to  find  the  loss  of  velocity, 
or  the  time  of  flight  for  a  limited  space,  the  initial  velocity 
being  high.  The  less  the  shot  is  affected  by  the  resistance  of 
the  air  the  more  accurate  will  be  the-  results;  therefore  this 

*  For  an  example  of  this  method,  see  Professor  Basbforth's  Treatise. 
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method  will  apply  better  to  pointed  elongated  shot  than  to 
spherical  shot,  and'  better  to  solid  shot  than  to  shell  of  the  same 
external  form. 

The  equation  of  motion  for  the  cubic  law  of  resistance  is 
d?s      dv 

_=_.  =  _2fc.  ..................  (1) 


3 

v 


Suppose  that  v  =  V  when  t  —  0, 
then 


/v  /»c 

$.--»/«> 
e/0 


integrating  and  substituting  value  of  2b  (page  643), 

1 


v-       V*-  "-w(l660)" 

<?       50oj/ioooy    fioooy) 

w      ~~R   \\    v   )      \   V  )   f w 

which  connects  £  and  -y. 

oPs      dv  ds         1        v 

T*  =  ~Tf '  smce  v  =  ~jt>()r~jt~^7~ 

(!bv  UUv  C/Lv  (JUL         CtS 

dv  _  vdv 
~dt  ~'  ~ds> 

d?s      vdv 

-JZ  —  ~j~  ~  —  %bv 
dt        ds 


whence  /        --„  =  —  %  ds, 

v  I 

0 


and  therefore  l-  -  -  i  =  Ma  =  sK°-  - 
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6-'  (1000)'  j  /1000\       /1000 

f\f  _     o     J '         <      I  I     

v/i  ^^   o    •    ••  -r-r-  i     *  — -;.%-  ~ 


M7  JL       .(*     V      J         \F/f' 

which  connects  «  and  -y. 

If  in  the  equation Tr  =  25*,   we    substitute  -  -  for  -, 

V  "  .  F  ds         v 

we  have 

—  -  i  4-  25 

<fo  ~~  F  ""     '  *J 

and  integrating,  we  have 

* 


-  ....................  (4) 

which  connects  t  and  s. 

If  we  divide  -.,  —  ^  =  4bt 

bJ  v  ~~V=  ^ 

1        1       2£ 

we  obtain  —  h  T?  =  —  ....................  (5) 

w    '    V       s 


which  connects  v,  t,  and  s  independently  of  25,  the  coefficient  of 
resistance. 

1472.  In  determining  the  velocity  of  a  shot  it  is  usual  to 
measure  the  time  in  which  a  given  short  range  is  described,  and 
then,  dividing  the  space  in  feet  by  the  time  in  seconds,  the 
result  is  adopted  as  the  approximate  velocity  at  the  middle 
point.  If  the  cubic  law  of  the  resistance  of  the  air  be  supposed 
sufficiently  near  the  truth,  this  may  easily  be  shown  to  be 
strictly  correct  for  any  range,  so  long  as  the  path  of  the  shot 
may  be  considered  to  be  a  straight  line. 

'"We  have  seen  that  when  V  is  the  initial  velocity  and  v  the 
velocity  at  the  distance  5,  then 


m 

or  if  vr  be  the  velocity  at  the  distance  ~-,  then 
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1  1 


space  in  feet         s  s 

Also  rr-^  —  :  --    —  ,—  =  —  =  ,  by  equation  (4), 

time  m  seconds       t       s    ,    T  t      J 


the  true  velocity  at  the  middle  point  of  the  range  s. 

1473.  Inasmuch  as  the  resistance  of  the  air  does  not  vary 
strictly  as  the  cube  of  the  velocity,  when  formulae  (2),  (3),  and  (4) 
are  used  for  considerable  differences  of  F'and  v,  it  is  necessary 
to  use  several   numerical   values   of  K.     But   as    this    would 
be  a  troublesome  operation  to  perform  in  each  case,  general 

,  500  j  /loooy    /loooy  \        ... 

tables  of  the  values  of  -^  \  I  —  I  --~r-      \  for  spherical 

K  (  \    v    /       \    V   /    ) 

and  ogival-headed  shot  [Tables  IX  and  XI],  and  also  of  the 

"  , (loooy  ( 1000     1000 1  ,       .    .  . 

values  of  --   -r^     \- v~   \  spherical  and   elongated 

shot  [Tables  VIII  and  X],  have  been  computed.  It  is  manifest 
that  these  quantities  depend  upon  v  and  V,  which  are  quite 
independent  of  the  nature  of  the  shot,  while  ^Tis  a  coefficient 
dependent  on  the  form,  of  the  projectile. 

1474.  Suppose  the  initial   velocity  to  be  T7",  and   that  the 
velocity  falls  from  T^to  -y,,  in  space  *„  and  in  time  tl ;  from  vl  to 
•-y,  in  space  «2,  and  in  time  t? ;  from  -ya  to  v3  in  space  s3,  and  in 
time  ^3;    ...  and  from  vn_l  to  vn,  in  space  «„,  and  in   time  tn. 
Let  ^T,,  K»  K^  . .  .Kn  be  the  particular  values  of  JTdiie  to  the 
mean  of  the  velocities  V and  v»  vl  and  vn  v^  and  va... <vn_^  and vn. 
Then  we  have  from  equation  (2) 


c2       500  j  /loooy     /iooo 

5*=s^U~iTA  \~F~ 

^  ,  _  5o_o  j  /ioooy_  noooy  | 
c2       500  (  /loooy     /iooo\2 1 

—  1 3    =      -^-    )     I  —  -     (    -         -    )        \    , 

^  JL3    (  \     V3    /  \    <y      /     ) 


etc.  etc., 
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(?    _  500  j  /ioop\*_  /loooy  ) 

wtn~~Kn  \\it~J  "  \lv7/    r 
Adding  these  equations,  we  have 


Proceeding  in  the  same  way  with  equation  (3),  we  have 
c*          (1000)'  j  1000      1000 


v,          V 

_  (loooy  i  looo  _  looo 


to  i2 

etc.  etc. 


therefore        ^  „.  =  (1000)'  s  ^  -J  -^0  -  ^  I 

w  nit)  tJ 

-*-*-n    V        ^/t  un—      ; 


111  calculating  the  numerical  values  of  the  right-hand  mem- 
bers of  the  above  equations,  V  was  taken  (for  elongated 
shot)  =  1700  f-s;  v,  =  1690  ;  v,  =  1680  ;  v3  =  1670,  etc.,  and 
KI  the  coefficient  corresponding  to  the  velocity  1695  f-s,  K^  to 

<?  (? 

1685,  K,  to  1675,  etc.      Tables  of  the  values  of  -  t  and  -  s 

w  w 

were  thus  formed  corresponding  to  a  loss  of  every  ten  feet  in 

c*  <? 

the   velocity.     By   interpolation,   the  values  of  —  t  and  of  —  s 

which  have  been  given  in  the  tables,  were  then  found  for  every 
foot  lost  in  velocity. 

EXAMPLES  OF  THE  USE  or  TABLES  VIII,  IX,  X,  and  XI. 

14-75.  (1)  Let  it  be  required  to  find  in  what  range  an  11.52- 
inch  ogivai-headed  shot  weighing  600  Ibs.  would  have  its  velocity 
reduced  from  1400  to  1300  f-s.  Let  s  denote  the  required  space, 
then 

-.  s  =  (--^*  -  1865  -  1348  =  517, 
w  600 

(11.52)'"    =2837ft 

517  is  the  difference  of  the  ranges  opposite  1400  and  1300  /V  in 
Table  VIII. 
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(2)  Let  it  be  required  to  find  in  what  time  the  velocity  of 
the  same  shot  would  be  reduced  from  1400  to  1300  f-s. 

Here  -t  -  1".258  —  0".875  =  0".383,  the  difference  of  the 

w 

times  opposite  1400    and    1300    f-s   in    Table    IX.      Hence 
t  =  1".732. 

(3)  If,  on  the  other  hand,  the  initial  velocity  being  given 
1350  f-s,  it  was  required  to  find  what  would  be  the  loss  of  velo- 
city in  1500  ft.,  we  should  have  given 

*t  =  (ii):  1500  =  331.8,, 


the  reduced  range.  Now  opposite  the  initial  velocity 
in  Table  VIII  we  find  1599,  to  which  must  be  added  the  reduced 
range  331.8,  making  1930.8  ;  and  corresponding  to  this  we  find 
the  velocity  1288.2/-S,  by  the  same  table;  hence  the  velocity  of 
an  11.52-in.  600-lb.  elongated  shot  would  fall  from  1350  to 
1288.2  f-s  in  1500  feet. 

(4)  In  like  manner,  if  it  was  required  to  find  how  much  the 
velocity  of  the  same  shot  would  be  reduced  in  half  a  second,  its 
initial  velocity  being  1334  f-s,  we  must  find  the  reduced  time, 

-2  —  .2212  X  0".5  =  0".1106;  adding  this  to  1".120,  the  nnm- 
w 

her  opposite  the  velocity  1334  f-s  in  Table  IX,  we  obtain  1".2306  ; 
and  opposite  1".2306  we  obtain  by  proportional  parts  1306.6  f-s, 
which  is  the  velocity  the  shot  will  retain  at  the  end  of  half  a 
second. 

(5)  Suppose  a  15-in.  spherical  shot  weighing  452  Ibs.  to  be  fired 
with  an  initial  velocity  of  1400/-S  at  a  target  500  yards  off  ;  to 
find  the  striking  velocity.     Here  c  =  J4.88  in.  ;  then 

c*      _  (14  88)'  X  15 

~~  "  —  t  r-<rw\/-\  —  —    '  OT.  (  , 

w  45200 

the  reduced  range  ;  opposite  the  velocity  1400  in  Table  X  we 
find  1501,  and  adding  734.7  to  this,  we  have  2235.7,  opposite 
which,  in  the  same  table,  we  find  the  velocity  1215.8  f-s,  which 
is  the  required  striking  velocity. 
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Table  YIII  was  deduced  from  experiments  made  with  ogival- 
headed  shot  struck  with  a  radius  of  1£  diameters. 

For  high  initial  velocities  and  low  angles  of  projection,  ta- 
bles YIII  to  XI  may  be  used  to  find  approximately  the  time  of 
flight  and  trajectory  of  the  shot  ;  thus,  suppose  V  the  initial 
velocity,  and  v  the  velocity  when  the  shot  has  described  the 
space  OP'  (Fig.  369)  in  time  t,  the  effect  of  gravity  not  being- 
considered  ;  then,  by  tables  VIII  to  XI,  it  is  possible  to  find 
OP'  and  t.  If  x,  y  be  the  co-ordinates  of  P'  at  time  t,  then 

so  =  OP'  cos  a  \ 

y  —  OP'  sin  a  —  fat*  f 

become  known  because  OP'  and  t  are  known  approximately. 
Table  XII  will  be  useful  in  finding  the  values  of  \gf- 
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1476.  A  Commission,  appointed  by  the  French  Minister  of 
War,  carried  on  experiments  at  Metz,  in  1834  and  1835,  with  a 
view  to  determine  the  law  of  penetration  of  spherical  shot  into 
various  kinds  of  wood,  masonry,  and  earth.  The  conclusions 
arrived  at  were,  first,  that  the  resistance  of  the  same  substance 
to  spherical  shot  of  different  diameters  varied  as  the  square  of 
the  diameter  of  the  shot  ;  and,  secondly,  that  the  resistance  of 
different  substances  to  the  same  shot  varied  as  a  -(-  (3  X  (velo- 
city)2, where  a  and  f3  were  constant  for  each  substance.  If,  there- 
fore, c  be  the  diameter  of  the  shot  in  inches,  w  its  weight  in 
pounds,  and  v  its  velocity  in  feet  per  second,  then  the  resistance 
to  the  shot  will  be  expressed  by  ^TO"  (a  -f-  j3v2)  =  c1  (/I  -f-  fw"),  and 

the  retarding  force  by  —c?  (/L  -f-  ^\ 

The  following  are  the  values  of  A,  j«,  and  —  calculated  from 

the  values  a  and  /3,  as  given  by  Didion,f  and  adapted  to  English 
measures. 

*  Bashforth  On  the  Motion  of  Projectiles,  London,  1873,  p.  74. 
f  Didion,  Traite,  pp.  301,  302,  and  304. 
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Substances. 

A 

P 

-/© 

Oak,  Beech,  and  Ash 

2329.4 

.004328 

734 

Elm 

1787.5 

.003322 

734 

Fir  and  Bircli 

1296.0 

.002408 

734 

Poplar 

1217.7 

.002263 

734 

Sand,  mixed  with  Gravel 

486.0 

.009031 

232 

Earth,  mixed  with  Sand  and  ) 

/"i                1                                                                       i 

670.3 

.012456 

232 

Gravel                                  ) 

Clayey  soil 

1167.5 

.003799 

554 

Earth  from  an  old  Parapet 

782.0 

.004360 

424 

Damp  Clay 

297.2 

.002209 

367 

Moistened  Clay 

102.4 

.000762 

367 

Masonry  of  good  quality 

6166.9 

.008595 

847 

Masonry  of  medium  quality 

4915.7 

.006851 

847 

Brickwork 

3530.4 

.004920 

847 

1477.  Suppose  that  V  is  the  striking  velocity  of  a  spherical 
shot,  and  that  when  it  has  penetrated  a  distance  s,  its  veloci- 
ty is  v  ;  let  S  denote  the  value  of  s  when  the  shot  comes  to  rest, 
that  is,  when  v=.Q. 


We  have  -™  = 


vdv 
-T-- 

as 


,. 

—  —  J—  (A 
w  ^ 


fV 

.     /       vdv 

Jo  A  +  ^' 


or 


2/i 


.-.    S  = 


or 


o 


w 


CHAPTER  XII. 

OPERATIONS   OF  THE   NAVAL  BRIGADE. 

Section  I.  —  General  Considerations. 

1478.  CONSIDERATIONS.  —  The   application    of   a   naval 
force  to  the  purposes  of  littoral  warfare  can  only  be  consid- 
ered as  incidental  to  the  general  purposes  for  which  the  navy 
is  created,  and  the  character  of  the  operations  is  necessarily 
limited  by   the   character  and  strength  of  the  force.     The 
squadrons  which  the  navy  might  collect  would  seldom  be 
able  to  land  a  sufficient  number  of  men  to  cope  successfully 
with  the  forts  or  troops  of  any  civilized  nation  with  whom 
we  might  be  at  war.     When  they  have  been  employed  by 
foreign  nations  against  each  other,  or  against  us,  the  opera- 
tions have  been  desultory  and  generally  attended  with  de- 
plorable results. 

1479.  At  the  same  time  this  fact  cannot  be  neglected, 
that  whenever  naval  forces  have  taken  part  in  any  operations 
of  late  years,  they  have  frequently  been  compelled  to  land 
men  and  guns ;  and  whenever  this  has  been  done,  they  have 
been  generally  successful  when  sufficient  attention  has  been 
paid  to  the  principles  of  organization,  and  to  thoroughness 
of  drill ;  but  when  they  have  been  neglected,  valuable  lives 
have    been   lost   unnecessarily,    and   large    sums    of   money 
wasted.     It  may  not  happen  to  an  officer  to  be  so  employed 
more  than  once  during  his  naval  career.     All  the  more  is  it 
necessary  for  him  to  give  this  subject  careful  study,  and  to 
keep  pace  with  the  changes  in  the  principles  of  warfare. 

1480.  The  landing  of  seamen  would  rarely  be  resorted  to 
when  opposed  by  good  infantry,  or  when  the   object  to  be 
attained  would  take  them  very  far  from  their  base  of  opera- 
tions.    It  would  be  unwise,  generally  speaking,  to  expose 
them  voluntarily  to  measure  force  in  the  field  with  disciplined 
infantry   and    cavalry.      When   necessity   leads   to   such   a 

744 
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measure,  it  should  be  based  on  the  unquestioned  superiority 
of  the  sailors  and  marines,  both  in  numbers  and  appoint- 
ments. Exceptional  cases  occur  where  the  strength  of  a  ship 
or  squadron  may  be  landed  with  important  effect,  as  when 
the  rights  of  the  flag,  of  civilization,  or  of  humanity,  require 
the  use  of  a  naval  force  for  want  of  other  means.  The 
offences  of  savage  nations  or  islanders,  or  of  a  piratical 
people,  may  be  instanced  as  cases  requiring  punishment  or 
intimidation. 

Should  it  be  judged  expedient,  however,  to  prosecute  this 
desultory  kind  of  warfare,  the  commanders  employed  in  it 
will  do  well  to  consider  that  a  descent  ought  never  to  be  haz- 
arded into  an  enemy's  country  without  having  taken  proper 
precautions  to  secure  a  retreat ;  that  the  severest  discipline 
ought  to  be  preserved  during  all  the  operations  of  the  cam- 
paign ;  that  a  commander  ought  never  to  disembark  but  on 
a  well-concerted  plan,  nor  commence  his  military  operations 
without  some  immediate  point  or  object  in  view ;  that  a  re- 
embarkation  ought  never  to  be  attempted,  except  from  a 
clear,  open  beach,  where  the  approach  of  an  enemy  may  be 
seen,  and  the  forces  covered  by  the  fire  from  the  ships. 

1481.  THE  BASE.  —  In    all  cases  of  landing   the  Naval 
Brigade,  the  first  point  to  consider  and  fix  should  be  the  base 
of  operations.     Whenever  it  is  possible,  this  base  should  be 
the  squadron  ;    but  when  operating   in  shallow  waters,  the 
largest  possible  ship  or  ships,  whose  draught  will  admit  of  it, 
should  accompany  the  boats  and  keep  up  a  constant  communi- 
cation with  the  forces  on  shore,  so  as  to  be  ready  at  all  times 
to  forward  with  despatch  supplies  both  of  provisions  and  am- 
munition, and  to  send  forward  re-enforcements  if  required. 

1482.  PREPARATIONS.  —  Before    landing,    many    points 
must  present  themselves  for  the  consideration   of  the   com- 
mander-in-chief :  the  means  of  approach,  the   opportunities 
for  landing,  the   nature    of   the  ground,  the  possibility  of 
maintaining  communications  with  a  suitable  base,  the   char- 
acter and  numbers  of  the  opposing  force,  the  possibility  and 
probability  of  accomplishing  the  objects  of  the   expedition, 
and  the  safe  withdrawal  of  the  forces. 

Taking  it  for  granted  that  all  the  preliminary  drills  have 
been  thoroughly  taught,  and  that  the  men  are  fully  acquainted 
with  the  manual  of  the  howitzer  and  with  the  skirmish  drill, 
and  have  some  knowledge  of  company  movements,  the  first 
consideration  is  the  means  of  approach.  Every  care  should 
be  taken  to  keep  the  men  fresh  for  their  work ;  and  to  this 
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end,  the  boats  containing  the  landing-force  should  be  towed 
to  the  place  of  disembarkation  by  the  steam-launches  and 
cutters  of  the  fleet. 

The  officer  in  command  of  the  landing-force  should  be 
furnished  with  accurate  information  of  the  depth  of  water 
and  the  dangers  of  navigation.  Care  must  be  taken  also  to 
get  as  much  knowledge  as  is  possible  of  the  character  of  the 
ground  and  the  opportunities  for  landing.  Generally  speak- 
ing, an  open  beach,  which  may  be  swept  by  the  fire  of  the 
shipping  and  will  offer  a  firm  footing,  should  be  selected. 
Judicious  means,  however,  must  be  used  to  get  the  force 
landed  without  opposition  ;  avoiding  it  either  by  keeping  out 
of  sight,  or,  if  seen,  by  pulling  rapidly  to  some  point  which 
may  be  more  readily  reached  by  the  boats  than  by  the  party 
on  shore,  or  by  dividing  the  force  and  making  false  attacks 
upon  different  points. 

If,  however,  such  attempts  are  unavailing,  then  it  only 
remains  to  land  promptly  in  the  face  of  the  enemy ;  and  to 
this  end,  that  part  of  the  beach  must  be  selected  where  the 
footing  is  most  likely  to  be  firm,  the  bank  generally  shelving, 
and  the  bottom  freest  from  stones  and  mud,  least  exposed  to 
the  surf,  and  most  especially  where  no  cover  of  any  kind  for 
the  enemy  exists  within  some  hundred  of  yards  from  the 
shore.  It  is  also  of  the  utmost  importance  to  keep  up  com- 
munication with  the  base,  and  for  this  purpose  some  vessels 
should  be  stationed  to  cover  and  protect  the  boats,  and  also 
to  furnish  assistance  to  the  party  on  shore  in  whatever  way 
it  may  be  needed. 

Section  II.  —  Landing. 

1483.  DETAILS.  —  Too  much  stress  cannot  be  laid  on  the 
importance  of  completing  the  organization  to  the  most  minute 
detail  before  the  parties  leave  their  ships.  The  battalion  of 
each  ship  should  consist  of  that  number  of  men,  both  infantry 
and  artillery,  that  can  be  properly  carried  by  the  boats  of  the 
ship.  Having  obtained  the  total  number  of  men,  the  bat- 
talion will  be  organized  as  follows :  Each  company  will  con- 
sist of  forty  men  and  four  petty  officers,  commanded  by  a 
lieutenant,  with  a  junior  officer  as  subaltern.  Each  howitzer 
and  Gatling  crew  will,  if  possible,  consist  of  twenty-one 
men,  with  a  lieutenant  in  charge  of  two  pieces,  and  a  junior 
officer  in  charge  of  each  piece. 

There  will  be  a  corps  of  pioneers,  in  the  proportion  of 
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four  to  each  company,  equipped  with  saw,  axe,  pick,  shovel, 
sledge-hammer,  and  crow-bar.  Men  should  be  selected  for 
this  duty  who  are  accustomed  to  the  use  of  these  imple- 
ments. The  armorer,  who  will  act  as  sergeant  of  the  pio- 
neers, will  be  equipped  with  a  bag  containing  tape-measure, 
powder-flask,  gimlet,  screw-driver,  and  implements  for  repairs 
of  small  arms. 

There  will  also  be  a  non-combatant  staff  for  each  battalion, 
to  consist  of  one  medical  officer,  one  apothecary,  two  nurses 
with  a  stretcher ;  one  paymaster  or  pay-clerk,  one  pay-writer, 
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and  one  man  to  each  company  and  howitzer  crew  to  attend 
to  supplies  of  provisions;  the  gunner,  one  quarter-gunner, 
and  one  man  to  each  company  and  howitzer  crew  to  provide 
ammunition. 

Every  man  should  be  equipped  with  canteen,  haversack, 
jack-knife,  tin  cup,  leggings,  and  a  blanket  folded  and  slung 
over  the  shoulder. 

Each  battalion  will  have  an  adjutant,  and,  if  necessary, 
one  officer,  next  in  rank  to  the  commanding  officer,  to  act  as 
field-officer. 
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When  the  forces  of  several  ships  are  to  be  landed  to- 
gether, it  will  be  found  convenient  to  divide  the  infantry 
into  battalions  of  four  or  six  companies  each,  and  the  artillery 
into  batteries  of  four  or  six  guns  each,  with  commanding 
officers  and  staffs  for  each  battalion  or  battery. 

In  assigning  boats,  care  must  be  taken  to  keep  the  com- 
panies together,  and  where  two  boats  are  necessary  for  a 
company,  they  should  be  kept  together.  The  marines  should 
never  be  distributed,  but  kept  with  their  own  officers  and 
stationed  in  the  steamers,  if  possible.  Every  boat  should  be 
numbered,  and  have  its  number  plainly  painted  on  bow  and 
stern.  The  order  before  landing  should  be  furnished  to  each_ 
officer,  with  the  position  of  his  boat  plainly  marked ;  and,  as 
far  as  the  movements  after  landing  can  be  foreseen,  those 
also  should  be  generally  communicated. 

1484.  LANDING.  —  Should  .the  distance  to  the  point  of 
landing  be  considerable,  the  boats  should  be  towed  to  within 
a  suitable  distance  of  the  beach,  being  careful  to  keep  out  of 
range.  On  arriving  opposite  the  place  of  disembarkation, 
the  tow-ropes  should  be  cast  off  and  the  line  formed  pre- 
paratory to  landing.  The  boats  containing  the  rifles  should 
be  on  the  extreme  flanks,  next  the  howitzers  and  boat-guns 
which  are  to  be  landed,  and  the  main  body  of  infantry  in  the 
middle,  with  the  skirmishers  in  the  centre.  There  should  be 
a  reserve  force  of  howitzers  and  infantry  ready  to  be  directed 
to  either  flank,  or  to  re-enforce  any  particular  part  of  the  line. 
The  howitzer  divisions  should  be  formed  in  echelon,  so  as  to 
deliver  a  cross-fire  on  that  part  of  the  beach  where  the  land- 
ing is  to  be  made.  When  all  these  dispositions  have  been 
made,  the  boats  should  pull  in  for  the  landing-place. 

It  should  be  borne  in  mind  that  the  force  will  be  at  the 
greatest  disadvantage  when  disembarking  in  the  face  of  a 
strong  opposition ;  for  in  using  all  the  celerity  that  is  practi- 
cable with  trained  men,  there  must  be  a  few  minutes  when 
the  pieces  to  be  put  ashore  must  be  inactive.  Therefore  it 
is  necessary  that,  as  soon  as  the  howitzer-fire  has  cleared  the 
beach,  a  strong  body  of  infantry  should  be  landed,  to  engage 
the  enemy  during  the  disembarkation  of  the  howitzers.  No 
gun  should  be  landed  before  there  are  at  least  forty  men  on 
the  beach. 

Meanwhile  the  fire  of  the  boat-guns  should  be  discontin- 
ued. The  skirmishers  should  immediately  advance  and  seize 
the  nearest  cover,  while  the  main  body  of  infantry  will  pull  in 
and  laud,  followed  by  the  howitzers.  Immediately  the  main 
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body  of  infantry  has  landed  they  should  be  deployed  into 
line  of  battle,  with  a  strong  skirmish  line  in  advance,  and 
they  should  take  up  the  strongest  position  possible,  the  guns 
being  brought  into  position  as  fast  as  they  are  landed.  The 
line  should  be  formed  in  such  a  manner  that  the  flanks  will 
if  possible  be  protected  by  the  nature  of  the  ground,  or  by 
the  fire  from  the  ships. 

1485.  THE  BOATS  will  always  land  a  boat's  length  apart. 
Before    leaving   the   ship,  four   boat-keepers  should  be  ap- 
pointed   to    each    boat    carrying    a    gun,  arid    two    for    thie 
others,  with  an  officer  in  charge  of  each  division  of  boats, 
who  should  on  no  account  leave  them.     The  boats  should  be 
hauled  off  to  their  anchors  with  a  long  scope  of  cable,  and  a 
man  left  in  each  boat  to  veer  in,  that  the  troops  may  be  read- 
ily embarked.    The  officer  left  in  charge  of  the  boats  should 
be  careful  to  avoid  being  surprised,  and,  if  circumstances  will 
admit,  should  strengthen  his  position  by  cutting  down  trees 
and  throwing  up  small  breastworks  a  short  distance  in  front. 
There  should  be  at  least  one  boat  with  a  full  crew  left  with 
him,  to  enable  him  to  keep  up  communication  with  his  base ; 
he  should  also  endeavor  to  keep  up  communication  with  the 
commander  of  the  forces  by  means  of  signal-men. 

i/  O 

»        Section  IIL  —  On  the  March. 

1486.  THE  ADVANCE.  —  If  the  force  has  landed  without 
opposition,  the  first  duty  will  be  to  make  a  reconnaissance,  in 
order  to  ascertain  the  position  of  the  enemy,  the  situation  of 
the    nearest    towns   and   villages,    the    direction    of    roads, 
streams,  etc.,  and  to  obtain  a  general  idea  of  the  country* 
If  it  becomes  necessary  to  advance   into  the  country,  the 
manner  of  advance  must  be  determined  by  the  commanding 
officer.     If  the  country  be  open,  or  if  no  opposition  be  met 
with,  the  column  may  take  up  the  march  in  close  order. 

1487.  ADVANCE-GUARDS.  —  If,  on   the   other   hand,  the 
line    of  march   should  pass  over  hilly  country,  or  through 
woods,  or  if  there  are  any  indications  of  the  presence  of  an 
enemy,  every  precaution  should  be  taken  against  a  surprise 
by  throwing  out  advance-guards,  rear-guards,  and  flankers, 
as  may  be  deemed  necessary. 

The  object  of  these  guards  is  to  give  time  for  the  column 
to  make  the  necessary  preparations  for  attack  or  retreat  in 
case  the  enemy  are  discovered. 

The  guards  should  each  consist  of  at  least  one  officer, 
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one  petty  officer,  and  twenty  men,  arranged  as  in  the  figure. 
Generally  speaking,  the  advance-guard  should  be  from  one- 
fifth  to  one-tenth  of  the  whole  force,  and  should  be  accom- 
panied by  a  detachment  of  signal-men  and  pioneers.  The 
advance-guard  may  be  increased  or  diminished  at  the  dis- 
cretion of  the  commanding  officer. 

When  the  column  halts,  the  advance-guard  does  the  same  ; 
but  the  men  at  the  head  should  occupy  the  neighboring 
heights,  if  there  be  any  within  400  or  500  yards.  There 
should  never  be  less  than  three  men  at  the  head,  and  dif- 
ferent divisions  should  endeavor  to  keep  their  distance  from 
the  others.  On  coming  to  a  wood,  the  men  at  the  head 
should  be  re-enforced,  and  some  sent  through,  and  others 
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around  it,  the  column  halting  until  the  wood  has  been  pa- 
trolled. The  same  rule  should  be  followed  on  coming  to  a 
village.  They  should  never  enter  a  defile  without  previously 
occupying  the  heights  on  either  side  by  flanking-parties.  At 
night  the  distances  should  be  reduced,  and  communication 
kept  up  with  a  chain  of  men  just  far  enough  apart  to  see 
each  other.  Should  the  advance-guard  be  attacked,  it  should 
engage  with  spirit,  and  never  fall  back  until  absolutely  ob- 
liged to  do  so,  and  then  the  retreat  should  be  made  on  either 
side  of  the  column,  and  never  on  the  column  itself. 

1488.  REARGUARDS. —  The  object  of  rear-guards  is  to 
prevent  the  enemy  from  approaching  the  column  unperceived, 
and  the  men  composing  it  should  be  picked  men.  Should 
they  be  attacked,  the  men  in  rear  should  be  re-enforced  by  the 
other  squads,  and  the  enemy  must  be  held  in  check.  If  they 
retire,  the  same  rules  apply  to  them  as  to  the  advance-guard. 
Whenever  the  column  halts,  the  rear-guard  should  face  to 
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the  rear.  Flankers  are  placed  as  in  the  figure,  on  either  or 
both  flanks,  as  may  be  necessary,  and  their  movements  are 
governed  by  the  same  general  rules  as  the  other  guards ;  all 
parties  so  thrown  out  should  keep  themselves  concealed  as 
much  as  possible. 
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1489.  BIVOUAC.  —  In  selecting  a  site  for  a  bivouac,  wood 
and  water  are  the  great  requisites.  In  cold  weather  woods 
are  the  warmest  places,  but  in  tropical  climates  it  is  better 
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to  bivouac  in  the  open.  Dry  and  sheltered  positions  should 
be  chosen.  If  obliged  to  bivouac  where  one  may  have  to 
engage,  it  is  better  to  take  a  position  in  advance  of  the  one 
which  must  be  occupied  in  fighting.  If  obliged  to  bivouac 
near  a  marsh,  there  should  be  some  rising  ground  between  it 
and  the  position  selected  ;  this  should  be  done  if  possible 
some  time  before  the  arrival  of  the  column. 

On  arriving  on  the  ground  selected,  the  infantry  and 
howitzers  should  wheel  into  open  column  by  divisions,  crews 
of  howitzers  formed  to  the  rear,  the  men  mustered,  ab- 
sentees reported  to  the  commanding  officer,  and  arms 
stacked.  The  men  should  sleep  where  they  stand  in  ranks, 
officers  sleeping  opposite  the  flanks.  Cooking-places  should 
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be  made  on  the  other  flanks,  and  sinks  dug  some  200  yards 
off.  The  camp-guard  should  be  immediately  posted,  whose 
duty  it  is  to  prevent  all  persons  from  leaving,  except  officers 
and  authorized  persons.  The  advance-guard  and  rear-guard 
should  be  relieved,  in  the  afternoon,  at  the  time  of  going 
into  bivouac.  . 

1490.  GRAND-GUARD.  —  Besides  the  regular  camp-guard, 
which  is  charged  with  maintaining  order  and  discipline  in 
the  camp,  there  should  be  a  grand-guard  thrown  out  in  the 
direction  of  the  enemy.  This  should  consist  of  one  or  two 
companies,  according  to  the  nature  of  the  service  and  the 
ground  to  be  covered.  The  first  line  is  the  grand-guard, 
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one  half  of  whom  may  rest  six  hours,  and  the  other  half  be 
awake  and  ready  for  duty  six  hours.  This  is  the  post  from 
which  the  pickets,  outposts,  and  sentinels  radiate.  The 
picket-guards  compose  the  second  line,  and  are  relieved  from 
the  grand-guard  every  eight  hours ;  one  half  to  be  under 
arms  half  the  time,  the  other  half  to  rest  half  the  time. 
The  third  line  are  the  outposts,  consisting  of  nine  men, 
relieved  from  the  pickets  every  two  hours :  these  men  should 
be  always  watchful.  The  fourth  or  front  line  of  sentinels 
are  to  be  relieved  from  the  outposts  every  hour :  they  patrol 
constantly,  and  connect  with  one  another. 

The  officer  commanding  the  grand-guard  should  be  sta- 
tioned at  the  first  line,  visiting  the  second  every  six  hours, 
and  generally  supervising.  The  other  officers  should  be 
stationed  with  the  pickets,  and  should  visit  the  outposts  and 
sentinels  frequently.  The  petty  officers  command  the  out- 
posts. It  is  not  necessary  that  the  line  should  be  straight, 
but  the  general  principles  should  always  be  carried  out.  It 
is  generally  advisable  to  have  some  howitzers  with  the  grand- 
guard,  on  the  first  line,  posted  so  as  to  command  the .  ap- 
proaches. 

When  attacked,  the  outposts  forming  as  skirmishers  move 
to  the  support  of  the  sentinels ;  pickets  may  move  forward 
to  support  the  others,  or  all  may  retire  skirmishing  as  the 
nature  of  the  attack  may  suggest.  Should  the  attack  be  so 
strong  that  the  whole  grand-guard  is  compelled  to  retire,  then 
each  line  will  retire  fighting.  When  an  attack  commences,  a 
message  should  be  instantly  sent  to  the  commanding  officer, 
detailing  its  nature  and  giving  any  necessary  information. 

Section  IV.  —  Engaging. 

1491.  THE  ATTACK. —  This  operation  must  be  consid- 
ered under  two  phases :  1st.  The  column  has  halted  within 
sufficiently  easy  distance  of  the  enemy  to  make  a  march  of 
from  five  to  ten  miles,  with  the  intention  of  attacking  as 
soon  as  it  arrives.  2d.  It  has  halted  at  too  great  a  distance 
for  that  purpose,  so  it  marches  up  to  him,  and  bivouacs  for 
the  night  to  attack  the  next  morning. 

If  the  column  has  been  closely  pursuing  the  enemy, 
with  the  advance-guard  continually  in  contact  with  the 
enemy's  rear,  it  may  happen  that  the  retreating  force  may 
be  suddenly  found  drawn  up  to  receive  battle.  Under  such 
circumstances,  it  would  be  better  to  act  as  in  the  second 
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case,  particularly  if  it  occurs  late  in  the  day,  in  which  case 
all  preparations  for  attack  should  be  made  late  in  the  night ; 
but  should  the  enemy  be  demoralized  from  previous  defeats 
or  other  causes,  he  should  be  attacked  when  he  turns  to 
show  fight,  as  in  the  first  case. 

In  either  case,  the  nature  of  the  country  and  its  com- 
munications must  determine  the  mode  of  the  advance ;  but  it 
should  resemble  closely  the  order  in  which  it  is  intended  to 
fight,  covered  by  swarms  of  skirmishers  as  an  advance-guard. 

1492.  Whenever  the  march  is  delayed,  or  as  soon  as  the 
scouts  have  given  notice  of  the  presence  of  an  enemy,  the 
battalions  should  be  formed  up  into  columns  of  divisions 
ready    for    deployment.       The    advance-guard    should    be 
strengthened,  and  as  many  guns  as  are  available  should  be 
brought  into  action  to  assist  the  advance-guard,  delay  the  ene- 
my's approach,  or  cover  the  deployment.   All  the  arrangements 
should  be  made  under  cover  of  the  skirmishers  of  the  advance- 
guard,  who  should  be  disposed  at  considerable  intervals. 

1493.  The  Infantry.  —  A  battalion  moving  to  the  attack 
will  be  divided  into  (1)  fighting  line,  (2)  supporting  line,  (3) 
main  body,  (4)  reserve.     The  movements  of  the  fighting  line 
are  regulated  by  the  orders  of  the  battalion  commander,  pre- 
viously communicated  to  the  company  commanders  or  by  any 
subsequent  orders  received  from  him.     Its  duties  are  to  keep 
a  steady  continuous  fire  on  the  enemy  from  the  moment  such 
fire  becomes  effective  until  a  final  rush  is  made  to  carry  the 
position.     To  maintain  this  fire  as  the  attack  is  developed, 
re-enforcements   must  be  drawn   from  the  supports  as   cir- 
cumstances demand.     It  is  the  duty  of  the  supports  (1)  to 
re-enforce  the  fighting  line  and  to  supply  losses  so  that  its 
fire  may  never  slacken,  (2)  to  supply  ammunition  to   the 
fighting  line,  (3)  to  give  it  confidence  by  having  a  body  of 
men  ready  to  re-enforce  it  and  connecting  it  with  the  main 
body.    The  duty  of  the  main  body  is,  in  conjunction  with  the 
fighting  line,  to  finally  force  the  enemy's  position.     It  may 
be  brought  up  to  the  fighting  line  at  once,  or  by  sending  up 
small  bodies.     It  is  also  used  to  cover  the  fighting  line  if 
forced  to  retire.     The  reserve  will  be  used  as  circumstances 
require. 

1494.  The  distance  of  supports  from  fighting  line  and 
main  body  will  depend  upon  circumstances.     On  a  plain  the 
supports  should  be  about  200  yards  from  the  fighting  line, 
and  the  main  body  300  yards  from  the  supports.     The  bat- 
talion will  form  for  attack  on  the  order  from  the  commander, 
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who  will  give  the  interval  between  companies  and  name  the 
companies  for  the  reserve.  The  main  body  having  arrived 
at  its  position,  the  fighting  line  will  be  sent  forward,  followed 
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Force  attacking 'Enemy's  left' flank 


FIG.  407. 


at  the  proper  interval  by  the  supporting  line.  The  deploy- 
ment by  numbers  should  always  be  used,  and  the  men  on  the 
fighting  line  should  extend  intervals  so  as  to  connect  with 
those  of  the  other  companies  and  to  cover  the  flanks. 
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1495.  Previous  to  the  advance  an  objective  point  should 
be  named  for  the  fighting  line,  and  explicit  instructions  given 
to  the  company  leaders.     The  fighting  line  must  not  diverge 
from  the  direct  advance  to  obtain  cover,  but  the  supports 
and  main  body  may  keep  under  cover  as  much  as  possible. 
To  enable  the  advance  to  be  conducted  quietly,  there  should 
be  no  unnecessary  words  of  command,  and  no  bugle-sounds. 
On  the  first  advance,  when  at  a  considerable  distance  from 
the  enemy,  the  fighting  line  should  be  a  thin  line  (No.  1  of 
each  four).     As  the  distance  from  the  enemy  decreases,  the 
fighting  line  should  be  strengthened,  and  the  supporting  line 
and  main  body  close. up  on  it.    No  firing  should  be  permitted 
while  advancing,  but,  at  a  given  signal,  the  fighting  line 
should  cease  firing,  and  advance  with  a  rush.     Each  advance 
or  rush  should  be  for  about  30  yards ;  having  gained  this  dis- 
tance, the  fighting  line  will  lie  down  and  commence  firing 
again.     The  supports  and  main  body  will  follow  the  move- 
ment, diminishing  their  distance  from  the  fighting  line  with 
each  advance.     The  thin  fighting  line  will  be  pushed  up  as 
close  as  possible  before  it  is  re-enforced ;  this  will  be  done  by 
sending  up  the  supporting  line,  which  will,  in  turn,  be  re- 
placed by  numbers  from  the  main  body. 

1496.  On  approaching  the  enemy's  position,  the  fighting 
line  will  be  strengthened,  until  the  whole  main  body  has 
been  absorbed  by  it.     After  this,  the  advance  will  be  by 
alternate    companies.      The  firing  will  be  by  companies,  by 
word  of  command.     One  company  will  cease  firing,  and  ad- 
vance with  a  rush  under  cover  of  the  fire  of  the  rest  of  the 
line.     Having  gained  the  proper  distance,  never  more  than 
30  paces,  it  will  lie  down  and  open  fire.     And  the  other  com- 
panies carry  on  the  movement  successively.     Meanwhile  the 
reserve  will  be  brought  up  to  a  supporting  position.     Here 
great  caution  is  necessary  on  the  part  of  the  battalion  com- 
mander :  as  the  force  may  at  any  moment  be  required  to  act 
on  the  defensive,  the  reserve  must  be  kept  well  in  hand,  and 
posted  so  as  to  re-enforce  readily  the  fighting  line  ;  and  that 
line  must  be  made  to  understand  that,  while  in  advancing 
it  was  necessary  to   reach  without   loss   a   point   near  the 
enemy's  position,  it  has  now  become  necessary  to  pour  in  as 
heavy  a  fire  as  possible  on  the  attacking  force. 

1497.  Having   advanced    to   within    200    yards    of    the 
enemy's  position,  if  the  battalion  commander  has  decided  to 
attempt  to  force  it  by  a  front  attack,*  word  will  be  passed 

*  A  front  attack  should  not  be  used  against  well-trained  troops  unless  it 
is  unavoidable. 
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along,  "  Prepare  to  charge,"  and  the  bayonets  will  be  fixed ; 
the  hottest  fire  will  be  kept  up  for  a  few  moments,  and, 
when  the  bugles  sound  "  Forward,"  the  line  will  advance. 
Arriving  within  charging  distance,  the  drums  will  beat,  and 
the  bugles  sound  the  "  charge,"  when  the  men  will  cheer 
with  a  will  and  make  the  final  rush  for  the  position.  Mean- 
while the  reserve  will  have  been  formed  in  line ;  and  when 
the  general  advance  takes  place,  the  second  line  follows  the 
first  to  assist  in  their  attack,  or,  if  they  are  beaten  back,  to 
give  them  a  line  behind  which  to  rally. 

1498.  The  Artillery.  —  The    ground   in    the    vicinity  of 
the  point  to  be  attacked  must  be  swept  by  a  heavy  can- 
nonade before  the  attacking  force  is  launched  forward.     The 
heaviest  possible  fire  should  be  maintained  up  to  the  last 
moment,  and  when  the  attacking  force  has  advanced  into 
such  a  position  as  to  impede  the  fire,  the  howitzers  should,  if 
possible,  be  advanced  into'  such  a  position  that  they  can  re- 
open. 

After  the  charge  commences,  they  should  devote  them- 
selves to  the  other  part  of  the  line,  or  be  placed  in  such  a 
position  as  best  to  repel  a  counter-charge,  or  they  may  be 
used  as  circumstances  dictate,  being  careful  to  keep  some 
companies  with  them.  The  skirmishers,  after  the  charge  has 
commenced,  should  form  on  the  artillery. 

The  guns  should  always  be  massed  when  it  is  possible,  as 
the  moral  effect  is  much  greater  than  when  they  are  scat- 
tered, and  their  fire  should  be  directed  to  the  enemy's  men 
rather  than  to  his  guns.  They  should  always  be  supported 
by  infantry  on  one  or  both  flanks,  but  never  in  rear. 

1499.  THE   DEFENCE.  —  Great   care  is  necessary  in  the 
selection  of  a  position  where  a  defence  is  to  be  made.     It 
should   afford   a   depth   of  500  or  600  yards  on  which  to 
manoeuvre,  with  free  communication  from  right  to  left,  and 
with  roads  in  rear  by  which   to   retreat.      The   protection 
of  the  flanks  is  a  serious  consideration ;  one  at  least  ought 
to   rest   on  some  impassable  obstacle.     The  general  line  of 
positions  must  either  curve  convexly  or  concavely  towards 
the  enemy,  or  there  must  be  a  mixture  of  both.    If  the  flanks 
are  strong  and  not  easily  approached  or  turned,  the  concave 
is  the  stronger.     If,    on  the  contrary,  the  spots  where  the 
flanks  rest  present  no  feature  of  strength,  it  is  better  to  have 
them  retired,  thus  forming  a  convex  front  to  the  enemy. 

An  obstacle,  not  actually  an  impassable  one,  running 
somewhat  parallel  to  the  general  line  of  the  position  and 
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about  200  or  300  yards  in  front  of  it,  adds  greatly  to  its 
strength;  but  such  obstacles  as  high  banks,  hedges,  etc., 
which  would  afford  any  cover,  are  most  dangerous.  Obstacles 
that  cut  up  one's  own  lines  are  to  be  avoided,  and  also  posi- 
tions with  wooded  ground  in  front  of  them.  If  there  is  but 
one  road  to  retreat  by,  it  should  run  from  near  the  centre. 

1500.  The  Infantry.  —  In  distributing  the  troops  along  a 
chosen  position,  some  parts  of  it  will  require  to  be  held  by 
a   much    greater  number  than  others,  and  the  commander 
must  decide  which  is  the   important  point  or  key,  and  that 
point  should  be  occupied  in  force,  with  the  reserves  near  at 
hand.     He  should  then  set  to  work  to  strengthen  himself 
artificially.     The  formation  of  the  command  into  two  lines 
instead  of  one  has  many  advantages,  as  it  keeps  it  more  com- 
pact and  renders  it  easier  to  support  any  particular  point  of 
the  line;  but  the  second  line  should  be  used  very  sparingly, 
and  only  when  the  necessity  is  urgent. 

The  front  of  the  infantry  will  always  be  covered  by 
skirmishers,  so  that  no  fire  can  be  delivered  till  they  have 
been  driven  in;  when  the  front  has  been  cleared  and  the 
enemy  is  advancing,  it  is  time  for  the  infantry  to  open  fire, 
kneeling  and  with  volleys,  by  word  of  command.  File-firing 
should  not  be  used  at  such  a  time,  as  it  is  so  difficult  to  stop 
it.  It  will  be  for  the  commander  to  decide  when  it  shall 
stop,  and  then  the  order  should  be  given  "  Prepare  to 
charge,"  and  let  them  go  in  with  a  cheer.  An  advancing 
enemy  should  never  be  awaited  in  the  open  plain ;  in  all 
such  attacks  there  is  a  moment  when  the  defendant  must 
charge.  Immediately  after  charging,  the  men  should  be  re- 
formed and  led  back  to  their  original  position  without  being 
allowed  to  go  too  far  in  their  broken  state. 

1501.  The  Artillery.  —  In  defence,  as  in  attack,  it  is  the 
duty  of  the  artillery  to  devote  itself  to  the  enemy's  men, 
and  it  should  be  placed  on   that  flank  which  occupies  the 
strongest  position.     When  neither  flank  has  any  natural  sup- 
ports, the  guns  should  be  massed  in  the  centre.     These  rules 
can   be   adhered   to  when  the  front  does  not  exceed  1,200 
yards ;  beyond  that,  batteries  must  occupy  several  parts  of 
the  position. 

1502.  SQUARES  to  resist  cavalry  should  only  be  formed 
when  absolutely  necessary,  as  the  square  is  a  mark  for  every 
description  of  fire.     In  forming  them,  advantage  should  be 
taken  of  any  favorable  ground.     If  there  is  an  obstacle,  such 
as  a  small  hedge,  ditch,  or  fence,  it  is  better  to  form  at  about 
20  yards  from  it  than  to  hug  it  closely. 
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Section   V.  —  Field  Fortification. 


1503.  DEFINITIONS.  —  When    an    armed    force    is    con- 
strained to  act  on  the  defensive,  from  disparity  of  numbers 
or  strength,  it  should  endeavor  to  counterbalance  this  dis- 
parity by  selecting   a   position   on  which   to  receive  battle 
which   will   afford   every  military  advantage   to   itself   and 
prove,  in  a  corresponding  degree,  unfavorable  to  the  assail- 
ant.    Such  a  position  should  present  natural  obstructions  to 
the  advance  of  an  assailant;   it  should  screen  the  assailed 
from    fire ;   it  should  command  the  ground  over  which  the 
assailant  must  advance ;  it  should  command  the  lines  of  ap- 
proach by  a  front  and  cross  fire ;  it  should  offer  no  obstruc- 
tions to  the  free  movements  of  the  assailed;  it  should  have 
natural  points  of  support  both  on  the  flanks  and  in  the  rear ; 
and   its   lines   of  retreat  should  be  ample  and  secure.     As 
natural    defensive   positions   may   rarely   possess   the   most 
essential  of  these  advantages,  their  defects  must  be  remedied 
by  artificial  means.     These  means  are  termed  fortifications. 

1504.  Fortification  may  therefore  be  defined  as  the  art  of 
so  arranging  a  position  selected  for  defence  that  an  inferior 
force  shall  be  able  to  resist  with  advantage  the  assaults  of 
one  superior  to  it. 


ABMN.  Ground  Line. 
BC.  Banquette-slope. 
CD.  Banquette. 
DE.  Interior  Slope. 


FIG.  408. 

KF.  Superior  Slope. 
FG.  Exterior  Slope. 
GH.  Bcrm. 
111.  Scarp. 


JK.  Counterscarp. 
HIJK.  Ditch. 
LM.  Glacis. 


The  covering  mass  is  termed  a  Parapet  when  it  shelters 
the  assailed  from  the  view  and  fire  of  the  assailant,  and 
affords  a  sweeping  fire  over  the  lines  of  approach. 

1505.  The  Profile  is  the  vertical  section  showing  the 
thickness  and  height  of  the  parapet  and  the  slopes  in  front 
and  rear. 

The  most  usual  obstruction  to  impede  the  enemy's  ap- 
proach is  the  Ditch,  which  is  placed  in  front  of  the  parapet, 
for  which  it  furnishes  the  material. 
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Any  little  ditch  made  behind  a  breastwork  for  the  men 
to  stand  in  for  cover  is  called  a  Trench.  The  excavation  of 
this  also  furnishes  material  for  the  parapet. 

1506.  A  Banquette  is  a  step  on  which  men  stand  to  fire 
over  the   parapet.     It   should   generally  be   about  4  feet  6 
inches  below  the  top. 

1507.  A  Berm  is  a  narrow  strip  left  between  the  parapet 
and  the  ditch  to  prevent  the  earth  from  falling  into  the  ditch. 

1508.  The   top   of  the   parapet   is  termed  the  Superior 
Slope;    the   interior   face,    when   arranged    for   infantry,   is 
termed   the  Interior  Slope;   when  for  artillery,  the   Crenou- 
illere  ;  the  exterior  face  is  the  Exterior  Slope. 

The  side  of  the  ditch  adjacent  to  the  parapet  is  called  the 
Scarp  ;  the  side  opposite,  the  Counterscarp. 

A  mound  of  earth  placed  in  front  of  the  counterscarp, 
with  a  gentle  slope  outwards,  is  called  a  Glacis. 


V, 


FIG.  409. 

FOR  and  UVW.  Advanced  Parts.     RS,  TU.  Flanks. 

RSTU.  Retired  Parts.  ST.  Curtain. 

PQ,  QR,  UV,  VW.  Faces.  QT,  SV.  Lines  of  Defence. 


PQR,  UVW.  Salient  Angles. 
RST,  S'l'TJ.  Re-entering  Angles. 
VA,  QB.  Capitals. 


1509.  An  Abattis  is  an  obstacle  formed  by  felling  trees 
and  laying  them  side  by  side,  with  the  branches  pointed  and 
turned  towards  the  enemy. 

A  Traverse  is  any  mass  which  is  interposed  to  protect  the 
men  from  fire  which  comes  in  any  direction  except  the  front. 

A  Revetment  consists  of  a  facing  of  stone,  wood,  or  sods, 
or  any  other  material,  to  sustain  an  embankment  when  it 
receives  a  slope  steeper  than  is  natural.  They  are  used  only 
for  the  interior  slope  of  the  parapet,  and  for  the  scarp. 

Relief  is  the  height  of  the  crest  of  the  parapet  above  the 
bottom  of  the  ditch. 

Command  is  its  height  above  the  level  of  the  surrounding 
country. 
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In  order  to  establish  mutual  defensive  relations  between 
all  the  parts,  certain  parts  may  be 'thrown  forward  towards 
the  enemy,  and  they  are  denominated  advanced  parts  ;  other 
portions,  denominated  retired  parts,  are  withdrawn  from  the 
enemy  and  protected  from  their  fire  by  the  advanced  parts. 

1510.  This  arrangement  naturally  indicates  that  the 
general  outline  of  the  plan  must  present  an  angular  system 
—  some  of  the  angular  points,  denominated  salients,  being 
towards  the  enemy,  and  others,  called  re-enterings,  being 
towards  the  assailed.  When  such  a  disposition  is  made,  it  is 
termed  a  flank  disposition,  because  the  enemy's  flank  is  at- 
tained by  the  fire  of  the  retired  parts  when  he  is  advancing 
upon  the  salients.  No  salient  should  be  less  than  60°.  A 
line  of  defence  should  not  exceed  300  yards. 


FIG.  410.  —  Indented  Line. 

1511.  PLANS.  —  The  simplest  line  that  can  be  used, 
where  the  front  to  be  defended  is  of  limited  extent  arid  the 
flanks  and  rear  are  secure,  is  a 
right  line.  But  from  this  line 
only  a  direct  fire  can  be  ob- 
tained ;  and  for  extended  forms 
a  combination  of  front  and  flank 
fire  may  be  obtained  by  using 
the  indented  line.  (Fig.  410). 

The  plan  of  works  for  po- 
sitions which  have  the  rear  se- 
cure, but  are  assailable  in  the 
front  and  on  the  flanks,  admits 
of  great  variety.  The  simplest 
is  a  work  of  two  faces  only,  the  salient  being  towards  the 
enemy's  line  of  approach.  This  is  termed  a  Redan  (Fig.  411). 


FIG.  411.  —  Plan  of  the  Redan. 

AB,  CD.  Faces.    AD.  Gorge.    BC.  Pan-coupee. 
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Its  faces  should  receive  such  a  direction  as  to  sweep  the 
approaches  to  the  flanks ;  from  the  angular  point,  however, 
only  a  single  line  of  direct  fire  can  be  brought  to  bear  on 
the  section  in  advance  of  it ;  to  remedy  this  a  portion  of  the 

salient  is  filled  in  so  as  to 
form  a  short .  defensive  line, 
perpendicular  to  the  capital. 
This  is  termed  a  Pan-coupee. 
When  the  faces  of  the 
redan  cannot  be  placed  so  as 
to  sweep  the  flank  approaches 
without  making  the  salient 


FIG.  412.  —  Plan  of  the  Priest-cap. 


angle  too  acute,  the  plan  may 
be  what  is  termed  a  Priest-cap 
which  the  two  main  faces 


or  Swallow-tail  (Fig.  412),   in 

sweep  the   flank   approaches, 

and,  instead  of  the  pan-coupee, 

a  broken   line  forming  a  re- 

entering  angle  is  placed  in  the 

salient,  and  affords  a  cross-fire 

on  the  ground  in  front. 

When  the  flank  approaches 

extend   to   the   rear,  a   flank 

(Fig.  413)  is  added  to  each 

face  of  the  redan,  and  receives 

such  a  direction  as  to  sweep 

that  portion  of  the  flank  ap- 

proach which  cannot  be  reached 

by  the  faces  except  by  a  very  oblique  fire. 

Lunette, 

vwv  V  Such  works  as  are   assailable  on  all 

?  ^|    sides  must  present  an  unbroken  line  to 

the  assault,  and  are  termed  enclosed 
works.  They  are  generally  of  three 
classes  :  redoubts,  star  forts,  and  bastioned 
forts. 

A  Redoubt  may  be  a  polygonal  figure 
of  any  number  of  sides  (Fig.  414). 
FIG.  414.  —  Plan  of  a  most  usually  taken  is  the  square. 


FIG.  413.  —  Plan  of  the  Lunette. 

BC,  CD.  Faces.       AB^  DE.  Flanks. 

This  is  termed  a 


That 


ndented  A  Star  Fort  consists  of  a  polygon  hav- 

the  other  arranged  with  [ncr   alternate   salients    and    re-entermgs 
(Fig.  415).      It  is  generally  planned  by 
placing  redans  on  the  middle  of  the  faces  of  a  square  redoubt. 
The  star  fort  is  but  little,  if  at  all,  superior  to  the  square 
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FIG.  415.  —  Plan  of  a  Star 
Fort,  with  the  faces  of  two 
redans  prolonged,  inwards. 


redoubt,  as  its  flanking  dispositions  are  imperfect,  and  it 
presents  a  much  longer  line  to  be  defended.  It  would  only 
be  useful  on  broken  ground  or  irregular  sites. 

1512.  The  Bastioned  Fort  has  been  designed  to  remedy 
the  defects  in  the  two  preceding  classes.     It  may  consist  of  a 

polygon  of  any  number  of  sides, 
but  for  field  forts  the  square  and 
pentagon  are  generally  preferred. 
To  plan  a  work  of  this  kind,  a  square 
or  pentagon  is  first  laid  out  (Fig. 
416),  and  the  sides  bisected  by  per- 
pendiculars, HI  ;  a  distance,  GH, 
of  one-eighth  of  a  side  in  a  square 
(one-seventh  in  a  pentagon)  is  set 
off  on  the  perpendiculars ;  from  the 
angular  points  of  the  polygon,  lines 
DA,  CF,  are  drawn  through  the 
points  thus  set  off:  these  lines  give 
the  direction  of  the  lines  of  defence ; 
from  the  salients  of  the  polygon,  distances  equal  to  two- 
sevenths  of  a  side  are  set  off  on  the  directions  of  the  lines 
of  defence,  which  give  the  faces ;  from  the  extremities  of  the 
faces  the  flanks  are  drawn 
perpendicular  to,  or  making 
an  angle  of  110°  with,  the 
lines  of  defence  ;  the  ex- 
tremities of  the  flanks  are 
connected  by  curtains,  CD. 

1513.  In  deciding  on  the 
general   plan    to   be    carried 
out,  the  following  considera- 
tions require  attention :  the 
object  the  work  is  expected 
to  fulfil,  and  its  situation  with 
respect  to  the  enemy ;  wheth- 
er it  is  likely  to  be  attacked 
by     overwhelming     forces ; 
whether  artillery  is  likely  to 

be  brought  against  it,  or  infantry,  and  whether  it  can  be 
surrounded  ;  the  number  of  men  there  will  be  for  its  defence, 
observing  that  it  is  better  to  have  a  force  concentrated,  and 
that  it  is  therefore  injudicious  to  make  works  of  a  greater 
extent  than  can  be  well  manned  and  vigorously  defended. 
Another  consideration  that  must  not  be  omitted  is  the  imm- 


FIG.  416.  —  Plan  of  a  Bastioned  Fort 
constructed  on  a  square. 
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ber  of  men  that  can  be  collected  for  working,  whether  they 
are  one's  own  men  or  inhabitants,  and  whether  there  are  tools 
enough  and  time  enough  to  do  it. 

1514.  PROFILES.  —  Having  decided  on  what  is  the  best 
plan  of  the  works,  the  next  consideration  is  the  profile. 
This  will  also  depend  on  much  the  same  considerations  as  the 
general  plan,  particularly  on  the  time  in  which  the  work  is 
to  be  done  and  the  number  of  men  there  are  for  work.  A 
general  idea  may  be  formed  of  the  quantity  of  work  that 
may  be  performed  in  a  given  time,  and  of  the  proportion  of 
cover  that  may  be  obtained  in  that  time,  by  adopting  different 
sections  and  referring  to  the  annexed  figures  and  correspond- 
ing estimates. 

In  ordinary  soils,  a  man  can  excavate  one  cubic  yard  per 
hour  for  8  hours ;  in  stiff  clay,  he  would  only  do  half  as 
much ;  and  in  dry,  light  soils,  three  times  as  much.  Each 
man  should  have  6  feet  in  length  to  execute,  which  distance 
enables  him  to  use  his  tools  with  freedom ;  but  when  only 
improving  the  natural  advantages  offered  by  banks,  fences, 
etc.,  the  working-parties  might  be  distributed  at  much  wider 
intervals  than  6  feet ;  for  instance,  a  man  might  convert  20 
or  30  feet  of  hedge  into  a  good  breastwork  in  three  hours, 
when  he  could  not  execute  6  feet  in  length  equally  defensible 
on  a  level  field. 

Fig.  417  represents  the  section  of  a  small  trench  and  the 
parapet  that  has  been  formed  by  throwing  the  earth  up  in 
front.  The  trench  is  2£  feet  deep  and  the  same  width,  hav- 
ing a  rough  step  1  foot 
broad  in  rear.  The 
earth  thrown  out  will 
make  a  parapet  of  a 
height  nearly  equal 
to  the  depth  of  the 
"'trench  without  taking 
any  precautions  to 
make  it  stand  at  a 
steeper  slope  than  is  natural ;  we  will  assume  that  is  2  feet 
high,  which  will  make  a  total  of  4J  feet  from  the  bottom  of 
the  trench.  A  man,  therefore,  though  he  can  fire  over  the 
parapet,  has  to  stoop  to  be  concealed  by  it,  and  it  there- 
fore affords  about  the  least  amount  of  protection  that  should 
be  considered.  The  solid  contents  of  the  excavation,  from 
which  the  probable  time  to  execute  it  may  be  determined, 
is  found  by  multiplying  the  depth  and  breadth  of  the  trench 


PIG.  417. 
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together,  and  that  product  by  the  length  each  man  has 
to  do  — 

Trench,  2*  X  2$  X  6  =  37£  c.  feet. 

Step,       1    X  1     X  6  =r    6 

Earth  to  be  removed    =  43|      " 

Divide  this  sum  by  the  amount  excavated  in  one  hour  by  one 
man,  27  c.  feet,  and  it  will  be  found  that  it  will  take  a  little 
over  one  hour  and  a  half  to  throw  up  this  parapet  on  level 
ground. 

1515.  Fig.  418  affords  more  cover,  for  the  top  of  the  par- 
apet is  6  feet  from  the  bottom  of  the  trench.  The  best  way 
to  execute  it  would  be  to  sink  a  trench  3  feet  deep  and  3  feet 
wide,  and  to  throw  the  earth  about  2  feet  in  front  of  it ;  so 


Fro.  418. 

that,  in  the  progress  of  the  work,  when  the  trench  became 
too  deep  to  stand  in  and  fire  over  the  parapet,  a  little  step 
might  be  cut  out  of  the  solid  left  in  front  for  a  banquette ; 
another  step  in  the  rear  would  complete  it.  The  steps  might 
be  18  inches  wide  and  deep.  To  find  the  time  it  will  take  to 
execute 

The  Trench,  3x3         X        6  =  54  c.  feet. 

Steps,      H  X   H  X  2  x   6  =  27      " 
C.  feet  removed  by  one  man  per  hour,  27)81      " 

It  will  require  3  hours. 

But  it  offers  no  impediment  to  an  enemy,  and  men  could  only 
be  drawn  up  in  single  file  for  its  defence. 

A  trench  of  the  dimensions  shown  in  Fig.  4194might  be 
completed  in  five  hours  on  the  presumed  data,  and  being 
roomy  enough  to  dispose  men  in  double  files  for  its  defence, 
and  high  enough  to  screen  and  cover  them,  may  be  consid- 
ered as  large  as  is  necessary  for  merely  fulfilling  these  con- 
ditions. 

Fig.  420  is  a  form  of  breastwork  that  might  be  adopted  for 
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obtaining  cover  in  rocky  or  marshy  situations,  where  a  ditch 
or  trench  could  not  be  made  deeper  than  2  feet;  the  men 
might  be  set  to  work  in  two  lines,  the  interior  slope  revetted 
by  stakes  or  sods,  and  it  could  be  accomplished  in  from  two 
to  three  hours. 


FIG.  419. 


1516.  If  more  time  could  be  devoted  to  strengthening  a 
post,  or  if  other  circumstances  were  favorable,  it  would  be- 
come a  consideration  whether  some  other  profile  of  a  different 
form  could  not  be  substituted  with  advantage  for  such  as 


FIG.  420.  —Profile  of  Revetted  Parapet  for  Rocky  or  Marshy  Soils. 

only  afford  cover  without  opposing  an  obstacle  to  the  advance 
of  a  hostile  force,  and  this  would  properly  be  accomplished 
by  excavating  a  ditch  in  front  of  the  parapet  instead  of  mak- 
ing a  trench  in  rear. 


FIG.  421. 


Fig.  421  shows  the  general  profile  which   such   a  work 
might  have.     The  dimensions  of  the  parapet  are  determined 
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by  the  following  considerations  :  The  height,  ab,  by  the  cover 
required,  and  the  position  of  the  enemy  ;  the  thickness,  be, 
by  the  penetrating  power  of  the  projectiles  likely  to  be 
brought  against  it.  For  field  artillery,  15  feet  is  required  ; 
for  rifles,  4  feet.  The  banquette,  ef,  should  be  3  feet  wide, 
if  for  single  rank  ;  4£  feet  for  double  rank.  In  eg,  the  ban- 
quette slope,  the  height  is  equal  to  half  the  base  ;  the  interior 
slope,  af,  is  4£  feet  and  steeply  revetted  ;  the  superior  slope, 
ah,  is  sufficiently  sloped  to  enable  the  fire  over  it  to  defend 
the  edge  of  the  counterscarp  ;  the  exterior  slope,  hk,  is  left  at 
the  natural  slope  at  which  unrammed  earth  will  support 
itself;  the  berm,  kl,  is  made  sufficiently  wide  to  prevent  the 
earth  of  the  parapet  from  slipping  into  the  ditch  ;  the  coun- 
terscarp, pn,  is  made  as  steep  as  the  soil  will  permit,  and 
from  6  to  12  feet  deep  ;  the  scarp,  Im,  is  not  made  so  steep, 
because  it  has  to  support  the  weight  of  the  parapet  :  but  both 
should  be  as  steep  as  possible  to  resist  escalade.  The  ditch 
is  first  excavated  in  steps,  as  represented  in  the  figure,  which 
are  subsequently  cut  away.  The  breadth  of  the  ditch  is 
thus  determined  by  calculation  : 

1517.  If  ab  =  8  feet  ;  be  =  15  feet  ;  ef  =  3  feet  ;   in  the 
slope  eg,  the  base  —  height  X  2  ;   in  slope  af,  the  base  = 

—  k  —  ;  in  slope  hk,  the  base  =  height  ;  in  the  scarp  Im,  the 

height     .  height 

base  =  —  ij  —  ;  in  the  counterscarp  pn,  the  base  =  —  ~  —  ; 

and  if  the  ditch  is  to  be  10  feet  deep, 

41    i   1  1  j. 
the  area      gefob  -    2  2  X  3J  =    28  so.  feet. 


abch  =      --       X  15  =  101J 


Area  of  profile  of  parapet  or  ditch  =  147| 

1473 
Mean  breadth  of  ditch  =  =^l  =  14.775  feet.     Breadth 

10      I      10 

at  top  or  bottom  of  ditch  =  14.775  ±  A~~^-  —  I8-9  or 
10.6  feet. 
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147  3 

Time  required   to  execute  -^  X  6  =  nearly  33  hours. 

To  throw  up  a  length  of  parapet  of  100  yards  would  require 
a  working-party  of  100  men :  50  diggers,  34  shovellers,  16 
rammers. 

Having  selected  a  position  on  which  a  field-work  is  to  be 
thrown  up,  and  determined  its  dimensions,  it  is  to  be  remem- 
bered that  the  salient  angles  should  be  directed  towards 
points  that  are  difficult  of  access ;  the 
faces  of  the  work  are  then  marked  out 
by  small  pickets,  and  traced  with  a 
piece  of  tape  and  the  angles  set  off. 
To  guide  the  workmen  in  the  construc- 
tion, right  profiles  (Fig.  422),  made  with  slips  of  board,  are 
constructed  along  every  face,  about  10  yards  apart. 

Experience  has  shown  that,  in  ordinary  soils,  a  man  with 
a  pick  can  furnish  employment  to  two  men  with  shovels, 
and  that,  not  to  be  in  each  other's  way,  they  should  be  from 
4J  to  6  feet  apart,  and,  finally,  that  a  shovelful  of  earth  can 
be  pitched  by  a  man  12  feet  horizontally  or  6  feet  vertically. 
To  distribute  the  workmen,  the  counterscarp  crest  is 
divided  into  lengths  of  12  feet  and  the  scarp  crest  into 
lengths  of  9  feet,  the  points  being  marked  by  pickets.  In 
each  area  thus  marked  out,  a  working-party  is  arranged,  con- 
sisting of  a  pick  with  two  shovels  near  the  counterscarp,  two 
shovels  near  the  scarp,  and  one  man  to  spread  and  one  to 
ram  the  earth  for  two  parties.  The  pick  commences  by 
breaking  ground  so  far  from  the  counterscarp  crest,  that  by 
digging  vertically  3  feet,  he  will  arrive  at  the  position  of  the 
counterscarp.  This  is  carried  on  at  the  same  depth  of  3  feet 
advancing  towards  the  scarp,  where  the  same  precaution  is 
observed.  The  earth  is  thrown  forward  and  evenly  spread 
and  rammed.  If  the  ditch  is  deeper  than  6  feet,  an  offset, 
about  4  feet  broad,  should  be  left  at  the  scarp  at  mid-depth 
of  the  ditch,  to  place  a  relay  of  shovels.  When  the  ditch 
has  been  excavated  to  the  bottom,  the  offsets  are  cut  away, 
and  the  proper  slope  given  to  the  sides.  The  earth  furnished 
by  the  offsets,  if  not  required  to  complete  the  parapet,  may 
be  formed  into  a  small  glacis.  Care  should  be  taken  not  to 
have  any  pebbles  on  top  of  the  parapet,  and  also  to  have  a 
drain  to  take  the  water  off  without  letting  it  run  down  the 
scarp. 

1518.  ARTILLERY  IN  FIELD-WORKS.  —  The  proper  posi- 
tions for  artillery  are  on  the  flanks  and  salients  of  a  work, 
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and  the  guns  should  be  collected  at  these  points  in  batteries 
of  several  pieces.  The  term  battery  is  used  of  a  collection  of 
several  guns,  and  it  is  named  according  as  the  parapet  is 
arranged  for  firing  over  or  through  it :  in  firing  over,  it  is 
called  a  barbette  battery;  in  firing  through,  an  embrasure 
battery. 

The  barbette  consists  of  a  mound  of  earth  thrown  up 
against  the  interior  slope ;  the  upper  surface  is  level  and  1 
foot  8  inches  below  the  interior  crest ;  the  earth  at  the  sides 
and  rear  receives  the  natural  slope.  To  ascend  the  barbette 
a  construction  termed  a  ramp  is  made  of  earth ;  it  should  be 
5  feet  wide  on  top,  and  the  slope  is  6  feet  of  base  to  1  of  per- 
pendicular. It  should  be  at  some  convenient  point  in  rear, 
and  take  up  as  little  room  as  possible. 

An  embrasure  is  an  opening  made  in  the  parapet  for  a 
gun  to  fire  through.  The  bottom  of  the  embrasure  is  termed 
the  sole,  and  should  be  1  foot  8  inches  above  the  ground,  and 
should  slope  outward.  The  interior  opening  is  termed  the 
mouth;  it  should  be  18  inches  wide.  The  embrasure  opens 
outwards  ;  the  sides  of  it  are  called  cheeks. 

1519.  DEFENCE  OF  WALLS.  —  Walls  are  readily  made 
available  for  purposes  of  defence  by  loop-holing  them,  the 
mode  of  doing  it  varying  with  their  height  and  situation. 


FIG.  423.  — Defence  of  Walls. 

It  is  a  general  rule  that  loop-holes  must  be  so  placed  that  an 
enemy,  if  he  succeeds  in  rushing  up,  shall  not  be  able  to 
make  use  of  them.  To  prevent  this  they  should  be  8  or  9 
feet  above  the  ground  on  the  outside  (Fig.  423,  a),  but  on 
the  inside  (Fig.  '423,  b~)  the  banquette  from  which  the  de- 
fenders are  to  fire  should  not  be  more  than  about  4  feet  6 
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inches  below  them.  A  portion  of  the  wall  not  less  than  18 
inches  high  should  be  left  above  the  loop-holes  to  screen  the 
men's  heads  when  firing. 

These  points  are  attainable  in  several  ways ;  if  the  walls 
are  high,  the  loop-holes  may  be  made  near  the  top,  and  a 
temporary  stage  or  earthen  banquette  might  be  placed  inside  ; 
if  the  wall  is  not  over  6  feet  high,  the  loop-holes  may  be 
made  at  4  feet  6  inches  above  the  inside  level,  and  a  ditch 
made  outside.  The  quickest  way  of  making  a  loop-hole  is  to 
break  the  wall  down  from  the  top  for  about  2  feet  (Fig.  423, 
a),  and  then  to  fill  it  up  at  the  top  with  a  stone  or  sand-bag. 
If  the  wall  should  be  low,  a  piece  of  timber  supported  on  a 
couple  of  stones  would  be  a  ready  expedient.  If  exposed 
to  the  fire  of  artillery,  a  wall  will  not  afford  good  cover,  but 
it  may  be  improved  by  sinking  a  trench  in  rear  and  throwing 
the  earth  against  the  wall,  or  by  digging  a  ditch  in  front  and 
throwing  the  earth  over  the  wall. 

1520.  DEFENCE  OF  A  BUILDING.  —  The  great  art  of 
making  a  defensible  post  out  of  a  building  and  the  adjoining 
outhouses  and  walls,  consists  in  selecting  from  all  the  objects 
in  view  only  what  will  be  useful  in  strengthening  the  work, 
and  in  sacrificing  every  thing  else,  making  use  of  the  mate- 
rials for  fortifying. 

A  building  proper  for  defensive  purposes  should  be  in 
a  commanding  position  ;  it  should  be  substantial,  and  of  a 
nature  to  furnish  materials  for  placing  it  in  a  state  of  defence  ; 
it  should  be  of  an  extent  proportioned  to  the  number  of 
defenders,  and  only  require  the  time  and  means  that  can  be 
devoted  to  completing  it ;  it  should  have  walls  and  projec- 
tions that  mutually  flank  each  other ;  it  should  be  difficult 
of  access,  and  yet  have  a  safe  retreat ;  and  the  walls  should 
be  of  moderate  thickness.  Brick  houses  or  walls  are  to  be 
preferred  to  those  of  stone  or  wood. 

The  number  of  men  necessary  for  defence  may  be  rough- 
ly estimated  by  allowing  1  man  to  every  4  feet  on  the  lower 
floor,  1  to  every  6  on  the  next,  and  1  to  every  8  on  the  next. 

To  put  a  building  in  condition  to  repel  an  immediate 
attack,  certain  points  would  naturally  claim  primary  atten- 
tion, arid  they  should  be  attended  to  in  the  order  in  which 
they  are  given. 

1st.  To  collect  material  and  barricade  the  doors  and 
windows  on  the  ground-floor,  to  make  loop-holes  in  them, 
and  to  level  any  obstruction  outside  that  would  give  cover 
to  an  enemy.  2d.  To  sink  ditches  opposite  the  doors  on  the 
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outside,  and  to  arrange  loop-holes  in  the  windows  of  the 
upper  story.  3d.  To  loop-hole  the  walls,  generally  attending 
first  to  the  most  exposed  parts,  and  to  make  communications 
through  all  the  walls.  4th.  To  place  abattis  or  any  feasible 
obstructions  on  the  outside.  5th.  To  place  out-buildings 
and  garden  walls  in  a  state  of  defence,  and  to  establish  com- 
munications between  them. 


FIG.  425.  —  Plan  of  tho  Works  for  the  Defence  of  a  Village. 

1521.  DEFENCE  OF  A  VILLAGE.  —  In  arranging  the  gen- 
eral plan,  some  substantial  buildings  within  musket-range  of 
each  other  should  be  selected  for  the  prominent  or  salient 
points  of  the  line.  These,  with  the  intervening  walls,  hedges, 
or  open  spaces,  will  be  prepared  for  defence  as  has  been 
already  explained,  so  as  to  completely  enclose  the  position. 
Care  should  be  taken  not  to  attempt  to  enclose  a  larger  space 
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than  can  be  manned  and  defended  by  the  available  force. 
Any  thing  which  would  afford  cover  to  an  enemy  outside  of 
the  lines  should  be  destroyed,  burning  houses,  filling  ditches, 
throwing  down  fences,  etc.  The  roads  by  which  an  enemy 
can  approach  should  be  cut  across  by  trenches.  All  obstruc- 
tions on  the  inside  which  are  perpendicular  to  the  line  of 
defence  should  be  removed  so  as  to  admit  of  manoeuvring. 
All  streets  and  roads  open  to  attack  should  be  barricaded,  or 
breastworks  should  be  thrown  up.  If  several  barricades  are 
to  be  disputed  in  succession,  the  means  of  retreat  through 
them  must  be  preserved,  and  communications  should  be 
made  from  house  to  house  on  each  side  of  the  street. 

Some  strong  building  or  buildings  should  be  selected  in 
a  central  position,  commanding  the  principal  roads  and 
streets,  which  should  be  strengthened  and  made  to  serve  as 
rallying-points  in  case  the  assailants  penetrate  the  outer 
defences.  A  reserve  force  should  always  be  kept  ready  to 
re-enforce  any  part  of  the  walls. 

1522.  DEFENCE  OF  A  BRIDGE.  —  If  a  body  of  troops 
had  to  retire  over  a  bridge  in  the  presence  of  a  superior 
force,  works  would  naturally  be  thrown  up  in  front  of  it  for 
covering  the  retreat  and  insuring  its  being  held  until  the 
passage  was  effected,  and  others  might  be  placed  in  rear  for 
giving  support  and  prolonging  the  resistance.  If  the  protec- 
tion of  the  bridge  were  the  object,  the  same  plan  would  be 
followed ;  but  if  it  were  merely  for  disputing  the  passage  in 
order  to  cover  a  line  of  operations  or  a  flank  march,  works 
might  be  placed  in  rear,  which  is  the  proper  position  for 
defensive  purposes.  The  annexed  Fig.  (426)  may  serve  as 
an  example  of  temporary  works  in  front  as  well  as  in  rear  of 
a  bridge  for  guarding  and  disputing  the  passage  with  a  force 
of  600  men  available  for  work  and  defence.  The  first  con- 
sideration should  be  the  distribution  of  the  men.  Three- 
fourths  of  them  should  be  placed  in  advance,  and  one-fourth 
as  a  reserve  in  rear,  and  a  small  proportion  of  the  former 
number  as  a  support  close  to  the  front  of  the  bridge.  A  file 
of  men  should  be  allowed  to  every  yard  of  parapet  in  front, 
and  the  main  reserve  in  other  works  in  rear,  which  should  be 
large  enough  to  receive  two-thirds  of  the  whole  number,  if 
the  force  is  obliged  to  fall  back. 

This  arrangement  would  give  400  men  on  the  outer  line 
in  front,  50-  men  in  rear  of  the  outer  line  as  a  support,  and 
150  men  partially  occupying  the  works  in  rear  as  a  reserve. 
This  would  require  200  yards  on  the  outer  line,  25  yards  for 
the  support :  in  all,  225  yards  in  front. 
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The  next  point  to  decide  would  be  the  plan ;  and  a 
simple  and  serviceable  one  would  be  the  one  shown  in  Fig. 
426,  a  priest-cap  with  a  redan  on  each  face.  A  ready  way 
of  laying  this  out  would  be,  first  of  all,  to  trace  a  rough 
semicircle  with  pickets  about  one-sixth  less  in  running  length 
than  the  required  breastwork.  This  could  be  done  with  a 
radius  of  64  yards.  The  salient  angles  being  fixed  in  the 


FIG.  426.  —  Plan  of  Works  for  the  Defence  of  a  Bridge. 

outline  of  the  work  so  traced,  and  their  lengths  being  dis- 
posed within  the  semicircle  so  as  to  flank  each  other,  the 
total  length,  though  it  may  vary  with  the  figure  adopted, 
will  be  near  enough  the  required  extent  for  practice. 

In  rear  of  the  bridge  about  200  yards  more  would  be 
required,  but  so  disposed  as  to  protect  the  men  from  en- 
filade. 

At  a  convenient  distance  in  front,  varying  from  20  to  50 
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yards,  an  abattis  or  other  obstruction  should  be  placed 
parallel  to  the  general  contour  of  the  works,  and  extending 
to  the  river  on  either  side.  This  arrangement  of  the  works 
would  require  212  men  to  throw  up  the  parapet ;  the  rest 
might  be  employed  in  making  the  abattis,  in  throwing  down 
the  parapet  walls  of  the  bridge,  blocking  up  the  roads,  etc. 

If  the  force  be  very  much  smaller,  the  works  should  be 
executed  of  an  extent  to  correspond;  a  good  breastwork 
with  an  abattis  before  it  might  be  made  across  the  front  of 
the  bridge,  a  barricade  in  the  middle,  and  another  one  in  rear 
flanked  by  strong  breastworks. 

1523.  ATTACK  OF  WORKS.  —  Having  considered  the  va- 
rious means  of  putting  positions  in  a  state  of  defence,  it  is 
in  order  to  consider  the  various  methods  of  attacking  and 
defending  such  posts.     An  attack  should  either  be  by  sur- 
prise or  by  open  force. 

1524.  Surprise.  —  In  the  first  case  the  strictest  secrecy 
should  be  observed  as  to  the  intent :  the  enemy  should  be 
deceived  by  false  manoeuvres,  and  the  troops  should  be  kept 
in  ignorance  of  the  movement  until  they  are  assembled  for 
the  attack.     The  most  favorable  moment  for  a  surprise  is 
about  two  hours  before  da}rlight.      The  troops   should   be 
divided  into  a  storming-party  and  reserve,  and  the  storming- 
party  should   consist   of  an   advance-party  and   a  support. 
Several  columns  of  attack  should  be  formed,  some  for  false 
and  some  for  real  attack ;  but  the  columns  formed  for  false 
attack  should  be  strong  enough  to  take  advantage  of  any 
success. 

Pioneers  should  accompany  each  storming-party  to  re- 
move obstacles,  and  they  should  be  provided  with  bags  of 
powder  with  fuzes  attached  for  blowing  down  gates,  doors, 
or  other  obstructions.  All  operations  should  be  carried  on 
with  despatch  and  in  silence.  The  advance-party  should  be 
provided  with  ladders,  planks,  brush,  or  any  thing  which 
would  be  serviceable  in  filling  up  ditches  or  crossing  them, 
and  the  charges  should  generally  be  made  in  column  through 
whatever  force  was  formed  for  the  defence  of  the  parapet. 
A  strong  reserve  should  be  kept  ready  to  follow  up  any  suc- 
cessful attack. 

1525.  Open  Attack.  —  The  general  arrangements  for   an 
open  assault  comprehend  the  operations  to  gain  possession 
of  the  works,  the  measures  for  maintaining  possession,  and 
the   precautions   to   be    observed  in  case   of  repulse.      The 
troops  should  be  drawn  up  in  a  sheltered  position  out  of 
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range  of  the  assailed,  and  a  heavy  fire  opened  from  the  how- 
itzers in  the  most  favorable  positions  to  enfilade  the  faces 
and  destroy  all  visible  obstacles.  When  the  fire  of  the 
works  is  silenced,  the  troops  are  thrown  forward  and  demon- 
strations made  on  several  points,  to  divert  the  attention  of 
the  assailed  from  the  true  point  of  attack,  and  to  prevent 
him  from  concentrating  his  forces  there. 

The  disposition  of  the  troops  making  an  assault  will  de- 
pend very  much  on  circumstances;  generally,  the  parties 
should  be  arranged  as  in  the  preceding  case ;  the  troops  to 
support  and,  if  necessary,  to  re-enforce  the  storming-parties, 
should  advance  in  one  or  two  lines,  with  the  artillery  on  the 
flanks,  disposed  to  repel  sorties.  When  the  assailed  are 
driven  from  their  main  works,  the  storm  ing-party  should  press 
them  closely,  and  endeavor  to  enter  the  interior  works  with 
them,  leaving  to  the  troops  which  follow  the  duty  of  retain- 
ing possession  of  the  works  already  gained-.  If  the  stqrming- 
party  has  to  retreat,  its  retreat  should  be  covered  by  a  strong 
body  of  infantry  and  artillery. 

1526.  DEFENCE  or  WORKS.  —  The  essential  point  in 
defence  is  to  have  every  part  of  the  works  guarded  by  a 
sufficient  number  of  troops  to  resist  an  attack  on  all  sides ; 
this  is  of  importance,  not  only  in  isolated  works,  but  in  con- 
tinued lines.  At  least  two  ranks  should  be  drawn  up  on 
the  banquette  throughout  the  entire  extent  of  the  line,  with 
supports  and  a  reserve  proportioned  to  the  importance  of  the 
work.  The  strictest  vigilance  should  be  exerted  to  guard 
against  a  surprise  ;  sentries  should  be  posted  on  all  the  com- 
manding points  of  the  works,  and  on  the  outside  patrols 
should  be  posted  to  watch  the  enemy's  movements,  and  to 
give  notice  of  his  approach. 

At  night  the  number  of  sentries  should  be  increased,  and 
redoubled  vigilance  should  be  used,  especially  after  midnight. 
The  reserve  should  be  posted  in  the  most  convenient  posi- 
tion to  afford  prompt  assistance  to  any  point  in  danger  of 
being  forced.  If  the  enemy  opens  his  attack  by  a  warm  can- 
nonade, the  men  should  not  be  exposed  to  it  if  they  can  be 
sheltered  at  the  posts  they  are  to  occupy  when  the  columns 
of  attack  approach.  The  men  should  be  instructed  to  re- 
serve their  fire  until  the  enemy  arrives  at  certain  points 
marked  in  front,  which  should  not  be  more  than  400  yards 
from  the  parapet.  Should  the  enemy  succeed  in  forcing  his 
way  in,  the  reserve  should  attack  with  the  bayonet  before  he 
has  time  to  form ;  but  the  only  well-grounded  prospect  that 
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the  assailed  can  have  of  repelling  the  assault,  when  the  enemy 
has  gained  the  top  of  the  scarp,  is  to  meet  him  offensively 
with  bayonet  on  top  of  the  parapet.  Large  stones,  heavy 
round  logs,  and  hand-grenades  should  be  in  readiness  to  roll 
over  on  the  enemy  when  he  is  in  the  ditch. 

1527.  SORTIES.  —  If  it   should  seem  desirable,  and   the 
garrison  is  sufficiently  strong  to  make  a  sortie,  it  is  essential 
that  it  should  be  well  timed  and  vigorously  executed,  and  be 
in  sufficient  force  to  make  some  impression,  either  as  a  diver- 
sion in  favor  of  the  defenders  of  the  parapet,  or  to  drive  the 
assailants  back  beyond  the  obstacles  they  may  have  already 
surmounted.     The  party  should  be  selected  from  the  reserve, 
leaving  the  parapets  fully  manned.     The  men  for  the  sortie 
should  be  drawn  up  at  the  point  where  they  are  to  go  out, 
and  at  the  critical  moment  when  the  speed  of  the  assailants 
has  been   checked  by  the  oposition  they  have  met  with  in 
front,  a  furious  onset  with  the  bayonet  should  be  made  on 
one  or  both  flanks,  and  when  the  object  is  effected,  the  troops 
should  immediately  retire  within  the  works.     The  firing  from 
the  defences  should  cease  when  they  come  out,  and  be  re- 
sumed the  moment  the  front  is  clear  again. 

Section  VI.  —  The  Retreat. 

1528.  REAR-GUARDS.  —  After   having  accomplished   the 
objects  of  the  expedition,  or  if  the  forces  have  been  defeated 
or  repulsed,  it  becomes  necessary  to  get  them  on  board  ship  as 
quickly  as  possible.     If  the  forces  are  at  a  considerable  dis- 
tance from  the  boats,  the  retreat  will  be  a  matter  requiring 
great  care  and  judgment,  particularly  if  the  rear  is  closely 
pressed  by  the  enemy  in  force.     In  this  case  every  thing  will 
depend  on  the  rear-guard,  which  should  be  formed  from  the 
freshest  men,  and  should  number  at  least  one-fifth  or  one- 
sixth  of  the  whole  force,  including  some  howitzers. 

The  great  art  of  rear-guards  is  that  of  being  able  con- 
stantly to  force  an  enemy  to  deploy  and  to  attack,  and  then 
to  get  away  safely  without  any  serious  fighting :  its  purpose 
is  more  fulfilled  by  threatening  to  fight  than  by  fighting.  If 
the  pursuing  enemy  should  become  reckless  and  push  on  to 
attack  with  an  insufficient  force,  it  will  then  be  for  the  rear- 
guard to  pounce  suddenly  on  him  with  all  his  available  force, 
and  having  struck  a  severe  blow,  to  at  once  resume  the  re- 
treat. 

The  officer  commanding  the  main  body  should,  from  time 
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to  time,  send  to  the  commander  of  the  rear-guard  informa- 
tion as  to  the  condition  of  the  road,  bridges,  etc.,  to  be 
passed,  and  every  position  suitable  for  the  rear-guard  to 
defend  itself  in  should  be  especially  noted. 

The  distance  that  the  rear-guard  should  be  from  the  main 
body  depends  upon  the  nature  of  the  country,  its  numbers, 
and  the  manner  in  which  the  pursuit  is  conducted.  It  should 
not  be  more  than  a  few  hours'  march,  and  under  all  circum- 
stances communication  should  be  kept  up  witli  the  main 
body.  The  actual  rear  of  the  rear-guard  should  be  a  line  of 
skirmishers. 

All  villages  on  the  line  of  retreat  and  all  supplies  of  pro- 
visions should  be  destroyed ;  every  thing,  in  fact,  on  which 
the  pursuers  might  subsist.  If  the  country  is  so  enclosed 
that  the  pursuers  must  travel  on  the  roads,  every  thing 
should  be  done  to  retard  their  progress ;  setting  fire  to 
houses  or  villages  on  the  line  of  march,  felling  trees  across 
the  road,  destroying  bridges,  should  never  be  omitted  when 
it  can  be  done. 

1529.  DESTRUCTION  OF  BRIDGES.  —  Bridges  may  be  de- 
stroyed by  burning,  if  there  is  time ;  if  not,  it  would   be 
sufficient  to  bore  a  hole  in  the  main  braces  or  lower  chords 
of  truss-bridges  and  put  in  a  charge   of  powder  with  a  fuze. 
To  destroy  a  bridge  of  masonry,  sink  a  shaft  in  the  road- 
way near  the  centre  arch,  down  to  the  haunch,  with  a  short 
gallery  ending  in  a  chamber,  so  as  to  lodge  the  powder  in  the 
middle  of  the  width  of  the  bridge  under  the  roadway.     Five 
or  six  hours'  labor  and  a  charge  of  from  50  to  100  Ibs.  will 
probably  be  sufficient.     If  there  is  not  time  to  sink  a  deep 
shaft,  a  hole  may  be  sunk  across  the  crown  of  the  arch,  and 
a  charge  of  250  or  300  Ibs.  of  powder,  placed  over  the  crown 
and  covered  with  stones,  will  answer  the  purpose. 

1530.  PASSAGE  OF  A  DEFILE.  —  In  case  it  becomes  ne- 
cessary for  the  retreating  forces   to   pass  through  a  defile, 
troops  from  the  main  body  should  be  posted  on  the  heights 
on  either  side  and  deployed  as  skirmishers  while  the  main 
body  is  passing  through.     As  soon  as  the  rear-guard  is  in 
position  and  the  enemy  has  deployed,  the  supports  should 
enter  the  defile,  and  the  rear-guard  should  fall  back,  main- 
taining a  heavy  fire  along  the  line.     The  skirmish-line  of  the 
rear-guard  should,  if  possible,  retire  along  the  heights  as  well 
as  by  the  defile ;  if  that  is  not  possible,  they  should  dispute 
every  inch  of  ground  in  the  defile  while  the  line  of  battle  is 
being  formed  on  the  other  side,  howitzers  being  posted  so  as 
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to  enfilade  the  pass,  and  troops  ready  to  attack  the  advance 
of  the  enemy  as  they  emerge.  After  having  given  the  enemy 
a  serious  check,  the  line  of  march  should  be  resumed,  the 
rear-guard  resuming  their  original  duties. 

1531.  THE  EMBARKATION.  —  On  arriving  at  the  boats,  if 
there  is  no  enemy  present  or  near,  the  troops  and  howitzers 
might  all  be  embarked  at  once,  and  return  to  their  ships. 
But  if  the  enemy  is  pressing  closely,  the  breastworks  which 
have  been  prepared  by  the  officer  in  charge  of  the  boats 
should  be  manned,  retaining  some  howitzers  to  keep  the 
enemy  at  a  distance.  The  main  portion  of  the  howitzers 
should  be  embarked,  and  the  boats  hauled  into  such  a  posi- 
tion that,  by  their  cross-fire^  they  can  sweep  the  approaches 
and  cover  the  embarkation  of  the  infantry,  which  should  be 
proceeded  with  as  expeditiously  as  possible,  being  careful  to 
get  all  the  howitzers  embarked  while  there  is  still  a  large 
number  of  infantry  on  shore.  The  last  who  are  on  the  beach 
should  retire  in  skirmishing  order,  keeping  up  a  vigorous  fire 
until  the  last  moment,  when  they  should  lose  no  time  in 
getting  to  their  boats,  the  howitzers,  boats,  and  vessels  keep- 
ing up  a  continuous  fire  to  prevent  the  enemy  from  making 
a  sudden  rush  and  capturing  them. 
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I.    COEFFICIENTS    FOE  THE    CUBIC  LAW  OF 
EESISTANCE. 

ELONGATED  PROJECTILES  WITH  OGIVAL  HEADS. 

Reprinted  from  Professor  FRANCIS  BASHFORTH'S  Motion  of  Projectiles. 
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H.    COEFFICIENTS  FOR  THE  CUBIC  LAW  OF 
RESISTANCE. 

SPHERICAL  PROJECTILES. 
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.6328 

1270 
1280 
1290 

149.8 
149.1 
148.4 

4.654 
4.632 

4.611 

.6678 
.6659 
.6638 

900 

138.2 

4.294 

.6329 

1300 

147.8 

4-591 

.6619 

910 
920 

930 

138.3 
138.4 

138.5 

4.296 

4-299 
4-302 

•  6331 
•  6334 
•  6337 

1310 
1320 
1330 

147.2 
146.5 
145-9 

4.572 
4.552 

4-533 

.6601 
.6582 
.6564 

940 

950 

960 

138.6 
138.8 
139-1 

4.306 
4.312 
4.322 

.6341 
•  6347 
•  6357 

1340 
1350 
1360 

145-3 
144.7 
144.1 

4.514 
4-495 
4-475 

.6546 
.6527 
.6508 

970 
980 
990 

139-5 
139-9 
140.4 

4-334 
4-346 
4-362 

•  6369 
.6381 
.6397 

1370 
1380 
1390 

143-4 
142.7 
142.0 

4-455 
4-433 
4.410 

.6489 
.6467 
.6444 

IOOO 

141.1 

4.383 

.6418 

1400 

141-3 

4.388 

.6423 

IOIO 
I02O 
1030 

141.9 
142.8 
143-8 

4.408 
4.436 
4.467 

.6442 
.6470 
.6500 

1410 
1420 
1430 

140.6 
139.8 
139-1 

4-366 

4-343 
4.320 

.6401 
-6378 
•  6355 

1040 
1050 
I06O 

144.9 
146.1 
147-3 

4.501 

4-539 
4.576 

•  6533 
.6570 
.6605 

1440 
1450 
1460 

138.4 
137.7 
137.0 

4-299 

4-277 
4-254 

•  6334 
.6311 

.6288 

1070 
IO80 
lOgO 

148.5 
149.6 
150.6 

4.613 

4-647 
4.677 

.6640 
.6672 
.6700 

1470 
1480 
1490 

136.2 
135-5 
134-8 

4-23I 
4.209 

4.188 

.6264 
.6242 
..6220 

IIOO 

151-4 

4-703 

.6724 

1500 

134-1 

4.166 

.6197 

IIIO 
1  120 
1130 

152.1 
152.7 
I53-I 

4-725 
4-744 
4-757 

.6744 
.6762 
•  6773 

1510 
1520 
1530 

133-5 
132.8 
132.1 

4.146 
4.125 
4.105 

.6176 
•  6154 
.6133 

II4O 
1150 

1160 

153-4 
153-6 
153-7 

4.766 
4-772 
4-774 

.6782 
.6787 
.6789 

1540 
1550 
1560 

131-5 
130.8 
130.1 

4.085 
4.064 
4-043 

.6112 
.6090 
.6067 

1170 
1180 
1190 

153-7 
153-7 
153-6 

4-775 
4-774 
4-771 

.6790 
.6789 
.6786 

1570 
1580 
1590 

129.5 

128.8 
128.2 

4-023 
4-003 
3-983 

.6046 
.6024 
.6002 

I2OO 

153-4 

4.765 

.6781 

1600 

127.5 

3.961 

•  5978 

I2IO 
I22O 
1230 

153-1 
152.7 
152.2 

4-756 
4-744 
4.728 

.6772 
.6762 
.6747 

1610 
1620 
1630 

126.8 
126.2 
125-5 

3-940 
3-920 
3-899 

•  5955 
-5933 
.5910 

1240 
1250 

151-7 
151-1 

4.TI2 

4-694 

.6732 
•  6715 

1640 
1650 

124.8 
124.1 

3.877 
3-856 

.5885 
.5861 

V 

Kv 

Ei 

g 

Log^l 
g 

V 

K, 

Er 

g 

Log£' 
g 

f-s 

f-s 

1650 

124.1 

3.856 

.5861 

1900 

108.7 

3-377 

•  5285 

1660 

123.5 

3.836 

.5839 

1910 

108.2 

3.361 

.5265 

1670 

122.8 

3.815 

.5815 

1920 

107.7- 

3-346 

.5245 

1680 

122.  1 

3-793 

•  5790 

1930 

107.3 

3-332 

.5227 

1690 

I2I.4 

3-772 

.5766 

1940 

106.8 

3-317 

.5208 

1700 

120.8 

3-752 

•5743 

1950 

106.3 

3.302 

.5188 

1710 

120.  1 

3-731 

.5718 

1960 

105.8 

3.287 

.5168 

1720 

Ilg.4 

3.710 

•  5694 

1970 

105.3 

3.272 

.5148 

1730 

II8.8 

3-689 

.5669 

1980 

104.9 

3.258 

•  5130 

1740 

II8.I 

3.669 

.5646 

1990 

104.4 

3.243 

.5110 

1750 

II7-4 

3.648 

.5621 

200O 

103.9 

3.228 

.5089 

1760 

II6.8 

3.628 

•  5597 

2OIO 

103.4 

3.212 

.5068 

1770 

116.1 

3.608 

•5573 

202O 

102.9 

3-197 

.5047 

1780 

II5-5 

3.588 

•  5549 

203O 

102.5 

3-183 

.5028 

1790 

114.9 

3.568 

.5524 

2O4O 

IO2.O 

3.169 

.5009 

1800 

114.2 

3.548 

•  5500 

2050 

IOI.5 

3.154 

.4989 

1810 

113-6 

3.529 

•  5477 

2060 

IOI.I 

3.140 

.4969 

1820 

113.0 

3-5II 

•  5454 

2070 

100.6 

3.125 

•4949 

1830 

112.5 

3-494 

•  5433 

2O8O 

IOO.I 

3.*no 

.4928 

1840 

in.  9 

3.476 

•  5411 

2O9O 

99-7 

3.096 

.4908 

1850 

in.  3 

3-459 

•  5390 

2IOO 

99.2 

3.081 

.4887 

i860 

no.  8 

3-442 

.5368 

2IIO 

98.7 

3.066 

.4866 

1870 

110.3 

3.425 

•5347 

2I2O 

98.3 

3-053 

.4847 

1880 

109.7 

3-408 

.5325 

2130 

97.8 

3-039 

.4827 

1890 

109.2 

3-392 

.5305 

2I4O 

97-4 

3-025 

.4807 

1900 

108.7 

3-377 

•5285 

2I5O 

96-9 

3.010 

.4786 

III.     Log  PO>  =  Log  (3  tan  <p  -j-  tan  *<p). 


9 

LogPf 

f 

LogP^, 

9 

LogP^, 

f 

LogPf 

i 

8.71909 

0 
16 

9.94636 

0 

31 

0.30525 

0 

46 

O.6250I 

2 

9.02038 

17 

9-97579 

32 

0.32605 

47 

0.64839 

3 

9.19691 

18 

0.00392 

33 

0.34676 

48 

0.67226 

4 

9-32247 

19 

0.03093 

34 

0.36743 

49 

0.69666 

5 

9.42018 

20 

0.05695 

35 

0.38809 

50 

0.72164 

6 

9-50034 

21 

0.08212 

36 

0.40877 

51 

0.74725 

7 

9.56844 

22 

0.10654 

37 

0.42952 

52 

0-77355 

8 

9-62777 

23 

0.13030 

38 

0.45037 

53 

0.80059 

9 

9.68045 

24 

0-15349 

39 

0.47135 

54 

0.82844 

10 

9-72792 

25 

0.17618 

40 

0.49250 

55 

0.85717 

ii 

9.77I2I 

26 

0.19844 

41 

0.51385 

56    . 

0.88685 

12 

g.SllOg 

27 

0.22033 

42 

0.53545 

57 

0.91755 

13 

9.84813 

28 

0.24191 

43 

0-55732 

58 

0-94937 

14 

9.88280 

29 

0.26322 

44 

0.57951 

59 

0.98239 

15 

9-9I545 

30 

0.28432 

45 

0.60206 

60 

1.01671 

IY.  VALUES  OF  X,  Y  &  T  FOE  INTERVALS  OF  0°.2. 


y  =  O.OO 

y  —  o.oi 

P 

X 

Y 

T 

<P 

X 

Y 

T 

0 

60.0 

59-8 
59-6 

1.73205 
1.71818 
I  .  70446 

1.50000 
1.47606 
1-45259 

1.73205 
1.71818 
i  .  70446 

0 

60.0 
59-8 
59-6 

1.77949 

1.76457 
I  .  74984 

1-55885 
1-53311 
1.50791 

1-75552 
1.74112 
1.72691 

59-4 
59-2 
59-° 

1.69091 

1.67752 
1.66428 

1.42959 

1.40703 
1.38492 

1.69091 
1.67752 
1.66428 

59-4 
59-2 
59-° 

1.73530 

I  .  72096 

I  .  70679 

1-48323 
1.45906 

1-43539 

1.71288 
1.69902 
1-68533 

58.8 
58.6  | 
58.4 

1.65120 

1.63826 
1.62548 

1.36322 

1-34195 
1.32109 

1.65120 
1.63826 
1.62548 

58.8 
58.6 
58.4 

1.69281 
1.67899 

1.66535 

1.41221 
1.38949 
1.36723 

1.67180 
1.65843 
1.64523 

58.2 
58.0 
57-8 

1.61283 
1.60033 

1.58797 

i  .  30062 
1.28054 
i  .  26083 

1.61283 
1.60033 
1.58797 

58.2 
58.0 
57-8 

1.65188 

1.63857 
1.62543 

1-34542 
1-32404 
i  .  30308 

1.63218 
~  1.61928 
1.60653 

57-6 
57-4 
57-2 

1-57575 
i  .  56366 
I.55I70 

1.24149 
1.22251 
1.20388 

1.57575 
1.56366 
1.55170 

57-6 
57-4 
57-2 

1.61244 
I  .  59960 
1.58691 

1.28253 
1.26238 
i  .  24262 

1.59393 

1.58147 

1-56915 

57-0 
56.8 
56.6 

1.53987 
1.52816* 
1.51658 

1.18559 
i  .  16764 
1.15001 

1.53987 
1.52816 
1.51658 

57-0 
56.8 
56.6 

1-57437 
1.56198 

1-54973 

1.22324 
1.20423 

1.18558 

1-55697 

i  •  54493 
1.53302 

56.4 
56.2 
56.0 

1.50512 
1.49378 
1.48256 

1.13270 
1.11569 
1.09899 

1.50512 
1.49378 
1.48256 

56.4 
56.2 
56.0 

1.53762 
1.52564 
1.51380 

1.16728 
i  .  14932 
1.13170 

1.52124 
1.50958 
1.49806 

55-8 
55-6 
55-4 

1.47146 
1.46046 
1.44958 

1.08259 
1.06648 
1.05065 

1.47146 
i  .  46046 
1.44958 

55-8 
55-6 
55-4 

i  .  50209 

1.49051 
1.47905 

1.11440 
1.09742 
1.08075 

1.48665 

1-47537 
1.46420 

55-2 
55-0 

54-8 

1.43881 
1.42815 
I.4I759 

1.03509 
i.  01980 
1.00478 

1.43881 
1.42815 
1-41759 

55-2 
55-0 
54-8 

1.46772 

1.45651 
1.44541 

1.06438 
1.04831 
1.03253 

r-45315 

1.44222 
I.43I40 

54-6 
5-t-4 
54-2 

1.40714 
1.39679 
1-38653 

.  99002 
-97550 
.96124 

1.40714 
1.39679 
1.38653 

54-6 

54-4 
54-2 

1-43444 
1.42357 
1.41282 

1.01703 
1.00180 

.98684 

1.42068 
1.41008 
1.39958 

54-° 
53-8 
53-6 

1.37638 
i  •  36633 
1.35637 

•94722 

•93343 
.91987 

1.37638 
1.36633 
1.35637 

54-0 
53-8 
53-6 

1.40219 
1.39165 
1.38123 

.97214 
•95770 
•94351 

1.38919 
1.37890 
1.36871 

53-4 
53-2 
53-o 

1.34650 
I-33673 
1.32704 

•90653 
.89342 
.88052 

1.34650 
1-33673 
1.32704 

53-4 
53-2 
53-0- 

1.37091 
i  .  36069 
1.35058 

.92956 

•g^ss 
.90238 

1.35862 
1.34863 
1.33873 

52.8 
52.6 
52.4 

i.  3^45 
1-30/95 
1-29853 

.86783 
.85536 
.84309 

1-31745 
1-30795 
1.29853 

52.8 
52.6 
52.4 

1.34056 
1.33064 
1.32071 

.88914 
.87612 
.86332 

1.32891 

1.31921 
1.30959 

52.2 
52.0 
51-8 

1.28919 
1.27994 
1.27077 

.83102 
.81913 
.80743 

1.28919 
1.27994 
1.27077 

52.2 
52.0 
51-8 

1.31108 
1.30144 
1.29189 

.85073 
-83834 
.82616 

1.30007 
i  .  29063 
1.28127 

51-6 
5i-4 
51-2 

1.26169 
1.25268 
1-24375 

•79592 
.  78460 
•77346 

1.26169 
1.25268 
1-24375 

51-6 
51-4 
51.2 

1.28243 
1.27306 
1.26378 

.81418 
.  80240 
.79081 

1:27200 
1.26282 
1.25371 

r 

=  O.O2 

r  — 

0.03 

9 

X 

Y 

T 

9 

X 

Y 

T 

0 

6o.o 
59-8 
59-6 

1.83254 
1.81636 
i  .  80041 

1.62567 
1.59774 
1.57045 

1.78117 
1.76618 

1.75139 

0 

60.0 

59-8 
59-6 

1.89266 
1.87490 
1.85743 

i  .  70264 
1.67200 
1.64211 

i  .  80950 
1.79380 
1.77832 

59-4 
59-2 
59-0 

i  .  78468 
1.76919 
1.75391 

1-54376 
1.51766 
1.49213 

1.73680 
1.72239 
1.70817 

59-4 
59-2 
59-0 

i  .  84025 
1.82334 
1.80671 

1.61294 

1.58447 
1-55667 

i  .  76306 

1.74802 
1-73318 

58.8 
58.6 

58.4 

1.73885 
1.72399 
1.70934 

1.46716 
1.44273 

1.41882 

1.69413 
1.68027 
1.66658 

58.8 
58.6 
58.4 

1.79033 

1.77421 

1.75833 

1-52952 
1.50301 
1.47710 

1.7185-1 

i  .  70410 
1.68985 

58.2 
58.0 
57-8 

1.69488 
1.68062 
1.66655 

1.39541 
1.37250 
1.35007 

1.65306 
1.63971 
1.62652 

58.2 
58.0 
57-8 

1.74270 
1.72729 
1.71211 

1.45178 
1.42703 
1.40283 

1.67579 
1.66191 
1.64822 

57-6 
57-4 
57-2 

1.65266 
1.63896 
1.62542 

1.32810 
1.30658 
1.28550 

1.61349 
1.60062 
1.58790 

57-6 
57-4 
57-2 

1.69716 
1.68241 
1.66788 

1-37917 
i  .  35603 

1-33339 

1.63469 
1.62134 
1.60815 

57-0 
56.8 
56.6 

1.61206 
1.59887 

1.58584 

1.26485 
1.24461 
1.22478 

1.57533 
1.56290 
1.55062 

57-0 
56.8 
56.6 

1.65355 
1.63941 
1.62547 

1.31123 

1.28955 
1.26833 

1-59513 

1.58227 
1.56956 

56.4 
56.2 
56.0 

1.67298 
i  .  56027 
1.54771 

1.20534 
1.18628 
1.16759 

1-53847 
1.52647 
1.51460 

56.4 
56.2 
56.0 

1.61172 

1.59815 
1.58476 

1-24755 
1.22721 
1.20728 

1-55701 
i  .  54461 
1-53235 

55-8 
55-6 

55-4 

1.53530 
1.52304 
1.51093 

1.14927 
1.13130 
1.11367 

1.50286 
1.49125 
1.47977 

55-8 
55-6 
55-4 

1-57154 

1.55850 
1.54562 

1.18776 
1.16864 
i  .  14690 

1.52023 

1.50826 
1.49642 

55-2 
55-0 
54-8 

1.49895 
1.48712 
1.47542 

1.09638 
1.07941 
1.06276 

1.46841 
1.45718 
1.44607 

55-2 
55-0 
54-8 

1.53291 

1.52035 
1-50795 

LI3I54 
I-  H354 
1.09589 

1.48472 

1-47315 
1.46171 

54-6 
54-4 
54-2 

1.46385 
1.45241 
1.44109 

1.04642 
1.03038 
1.01464 

1-43507 
1.42419 
1.41342 

54-6 

54-4 
54-2 

1.49570 
1.48360 
1.47164 

1.07859 
1.06163 
1.04499 

1.45039 
1.43920 
1.42813 

54-0 
53-8 
53-6 

1.42991 
1.41884 
1.40785 

.99918 
.98401 
.96911 

1.40276 
.39221 
•38177 

54-0 

53-8 
53-6 

1-45983 
1.44815 
1.43661 

1.02867 
1.01266 
.99694 

1.41718 
1.40634 
1.39562 

53-4 
53-2 
53-0 

1.39706 
1.38635 

1-37575 

•95447 
.94010 

.92598 

•37143 
.36120 
•35107 

53-4 
53-2 
53-0 

1.42521 

1-41393 
1.40278 

•98153 
.96640 

•95155 

1.38501 
1.37452 
1-36413 

52.8 
52.6 

52.4 

1.36526 

1.35488 
i  .  34460 

.91211 

.  89848 
.88509 

.1-34104 
1.33111 
1.32127 

52.8 
52.6 
52-4 

1-39175 
1.38085 
1.37007 

.93697 
.92266 
.  90860 

1.35385 
1.34367 

1-33359 

52.2 
52.0 

51-8 

1-33442 
I.32435 
1-31438 

.87192 
.85898 
.84627 

1.31152 
1.30187 
i  .  29231 

52.2 
52.0 
51.8 

1-35940 
1.34885 
1.33841 

.  89480 
.88125 
.86794 

1.32361 
I-3I372 
I  •  3039? 

51.6 
51-4 
51.2 

1.30451 
1.29474 
1.28506 

.83378 
.82149 
.  80941 

1.28284 
1.27346 
1.26416 

51-6 
51-4 
51.2 

1.32808 
1.31786 
1.30774 

.85486 
.84201 
.82938 

1.29424 
1.28465 

I.275I5 

51.0 
50.8 
50.6 

1.27548 
1.26598 
1.25658 

•79753 
•78585 
.77436 

1.25494 
1.24581 
1.23676 

5l.o 
50.8 
50.6 

1.29773 
1.28782 
1.27801 

.81697 
•80477 
.79278 

1.26574 
1.25642 
1.24718 

y  - 

=  0.04 

Y  = 

0.05 

9 

X 

Y 

T 

r 

X 

Y 

T 

0 

6o.o 

.96194 

i  .  79302 

1.84116 

0 

60.0 

2.04361 

1.90178 

1.87718 

59-8 

.9*216 

1.75889 

1.82459 

59-8 

2.02II2 

i  .  86297 

1-85951 

59-6 

.92275 

1.72568 

1.80828 

59-6 

I.999I3 

1.82535 

1.84215 

59-4 

.90372 

1.69336 

1.79222 

59-4 

1.97764 

1.78886 

1.82509 

59-2 

.88503 

1.66189 

1.77640 

59-2 

1.95662 

1.75346 

1.80831 

59-0 

.86669 

1.63124 
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T 

<P 

X 

Y 

T 

0 

50.0 
49-8 
49-6 

2.06533 
2.00860 

1.95852 

1.54956 
1.48218 
1.42312 

1.52292 
1.50107 
1.48063 

0 
49.0 

48.8 
48.6 

1.99111 

1.93855 
1.89175 

1.43884 
1.37858 
1.32530 

1.47035 
1.44975 
1.43038 

49-4 
49.2 
49.0 

1.91346 

1.87235 
1-83445 

1.37036 

1.32256 
1.27881 

1.46132 
1.44295 
1-42538 

48.4 
48.2 
48.0 

1.84937 
1.81053 
1.77459 

1.27740 
1.23380 
i  •  19374 

1.41203 
1-39452 

1-37775 

48.8 
48.6 
48.4 

1.79921 
I  .  76624 
1.73520 

1.23841 
1.20087 
1.16579 

1.40851 
1.39226 
1.37655 

47-8 
47-6 
47-4 

1.74107 
I  .  70963 
1.67997 

1.15665 
1.12209 
1.08972 

1.36162 
1.34605 
1-33099 

48.2 
48.0 

47-8 

1.70586 
1.67800 
1.65146 

1.13285 

1.10181 
1.07244 

1.36134 
1-34657 
1.33221 

47-2 
47.0 
46.8 

1.65187 
1.62516 
1.59969 

1.05928 
1.03053 
1.00330 

1.31639 
1.30220 
1.28840 

47.6 

47-4 
47-2 

1.62611 
1.60182 

1.57850 

1.04457 
i.  01806 
•99279 

1.31824 
1.30461 
1.29130 

46.6 
46.4 
46.2 

1.57531 
1.55194 
1.52948 

•97744 
.95281 
.92931 

1.27495 
1.26183 
i  .  24902 

47.0 
46.8 
46.6 

1.55606 
1-53443 
I-5I355 

.96864 
-94553 
'92337 

1.27830 
1.26559 
1-25314 

46.0 
45-8 
45-6 

1.50785 
1.48698 
1.46682 

.90683 
.88529 
.86463 

1.23648 
1.22422 

I.2I22I 

46.4 
46.2 
46.0 

1-49335 
1-47379 
I-45483 

.  90209 
.88162 
.86191 

i  .  24094 
1.22898 
1.21724 

45-4 
45-2 
45-0 

1.44730 
1.42839 

1.41005 

.84477 
.82566 
.80725 

I  .  2OO43 

I.I8888 
I-I7754 

45-8 
45-6 
45-4 

1.43642 
1.41852 
1.40112 

.84291 
-82457 
.80686 

1.20572 
1.19441 
1.18329 

44.8 
44.6 
44-4 

1.39223 

1.37490 
1.35804 

.78949 
•77235 
•75577 

I  .  16641 

I.I5547 
I  .  I447I 

45-2 
45-0 
44-8 

1.38417 
1-36765 
I-35I53 

.78973 
.77315 
-75710 

1-17235 
i.  16160 
1.15101 

44-2 
44-0 
43-8 

1.34161 

1.32559 

I  .  30996 

•73974 
.72422 
.70918 

I.I34I3 
I.I2372 

I.  "347 

44.6 
44-4 
44-2 

I.3358I 
1.32044 
1-30543 

.74153 
.72644 

.71178 

i  .  14058 
i  .  13032 

I.I2O2O 

43-6 
43-4 
43-2 

1.29470 

1.27978 

1.26520 

•69459 
.68044 
.66670 

1.10337 

1.09342 
1.08362 

44-0 
43-8 
43-6 

I  .  29074 
1.27637 
1.26230 

•69755 
.68372 
.67027 

I.IIO23 
I  .  IOO4O 
1.09071 

43-0 
42.8 
42.6 

1.25093 
1.23697 
1.22328 

•65335 
•64037 
.62774 

1.07396 
1.06442 
1.05502 

43-4 
43-2 
43-0 

1.24851 
1.23499 
1.22173 

.65718 

.64445 
.63204 

I.o8lI4 
I.O7I7O 
1.06239 

42.4 
42.2 
42.0 

1.20988 

1.19673 

1.18384 

.61546 
.60350 
•59185 

1.04574 
1.03658 
1.02754 

42.8 
42.6 
42.4 

1.20872 

I-I9595 
1.18342 

.61994 
.60815 
.59666 

I.O532O 
I.O44I2 
I.035I5 

41.8 
41.6 
4L4 

1.17118 

1.15875 
1.14655 

.58049 
.56942 
.55862 

i.  01861 
1.00979 
1.00107 

42.2 
42.0 
41.8 

1.17111 

I.i59"oi 
1.14711 

•58547 
•57455 
•56388 

I.O2628 
I.OI75I 
1.00885 

41.2 
41.0 
40.8 

1.13456 

1.12277 
1.11118 

.54808 
.5378o 
.52776 

.99246 
.98395 
.97554 

41.6 
41.4 
41.2 

I.I354I 
1.12390 
1.11258 

•55346 
.54328 
•53333 

1.00029 
.99183 
.98346 

40.6 
40.4 
40.2 

1.09978 
1.08856 
1.07752 

•51796 

.50838 
.49901 

.96722 
.95899 
.95085 

41.0 
40.8 
40.6 

i  .  10143 
1.09045 
1.07964 

.52360 
.51409 
•50479 

.97518 
.  96699 
.95889 

40.0 
39-8 
39-6 

1.06665 

1.05595 
1.04541 

.48986 
.48091 
.47215 

.94279 
.93482 
.92693 
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y  =  O.2O 

Y  —  °-3 

9 

X 

Y 

T 

f 

X 

Y 

T 

0 

48.0 

47-8 
47.6 

1.91475 

1.86658 

1.82326 

1.33144 
1.27812 
1.23051 

1.41840 

1-39905 
1.38078 

0 

40.0 
39-8 
39-6 

1.47905 
1.44479 
1-41331 

.776117 

•  747469 
.721330 

1.08479 
1.07054 
1.05691 

47-4 
47-2 
47.0 

1.78375 
1.74734 
1.71350 

i  .  18740 
i  .  14794 
1.11151 

1.36340 
1.34678 
1.33081 

39-4 
39-2 
39-° 

1.38411 

1.35684 
1.33120 

.  697262 
.674936 
.654103 

1.04383 
1.03122 
1.01903 

46.8 
46.6 
46.4 

1.68182 
1.65202 
1.62383 

1.07766 
1.04603 
1.01633 

1-31542 
1.30055 
1.28614 

38.8 
38.6 
38.4 

1.30699 

I  .  28402 
1.26216 

•634565 
.616164 

.598772 

1.00722 

•99574 
.98458 

46.2 
46.0 

45-8 

I  .  59708 
1.57159 
1.54724 

.988332 
.961847 
.936718 

1.27215 

1.25855 
1.24530 

38.2 
38.0 
37-8 

1.24127 
1.22128 
I  .  20208 

.582280 
•566599 
•551653 

•97370 
.96308 
.95271 

45-6 
45-4 
45-2 

1.52391 
1.50151 
1.47995 

.912812 
.890016 
.868234 

1.23238 
1.21977 
1.20743 

37-6 
37-4 
37-2 

1.18361 
1.16580 
I  .  14861 

•537377 
•523714 
.510615 

.94256 
.93262 
.92289 

45-0 

44-8 
44-6 

1.45917 
1.43911 
1.41970 

.847381 
.827384 
.808178 

1.19537 
i  18355 
1.17197 

37-0 
36.8 
36.6 

1.13198 

1.11587 

1.10025 

•498037 
.485942 
.474297 

.91333 
.  90396 
.89474 

44-4 
44-2 
44.0 

1.40090 

1.38267 
1.36498 

.  789706 
.771917 
.754766 

i  .  16062 
1.14947 

1.13853 

36.4 
36.2 
36.0 

1.08507 
1.07033 

1.05597 

.463071 
.452236 
.441769 

.88569 

.87679 
.86803 

43-8 
43-6 
43-4 

1-34777 
1.33104 
I.3I474 

.738212 
.722218 
.706751 

1.12777 
1.11720 
i  .  10680 

35-8 
35-6 
35-4 

1.04199 
1.02836 
1.01506 

.431647 
.421851 
.412363 

.85940 
.85091 
.84254 

43-2 
43-0 
42.8 

1.29885 
1.28336 
1.26823 

.691780 

.677277 
.663218 

1.09657 
1.08650 
1.07658 

35-2 
35-0 
34-8 

1.00207 

.98937 
.97696 

.403166 
.394244 

•385584 

.83429 
.82615 
.81813 

42.6 
42.4 
42.2 

1-25345 
1.23900 
1.22486 

•649579 
•636339 
•623479 

1.06680 

1.05717 
1.04767 

34-6 
34-4 
34-2 

.96481 

.95291 

.94126 

.377172 
.  368996 
.361046 

.81021 
.  80239 
.79467 

42.0 
41.8 
41.6 

1.21103 

1.19748 
1.18420 

.610979 
.598823 
.  586996 

1.03830 
1.02906 
1.01995 

34-0 
33-8 
33-6 

.92984 
.91863 
.90764 

•353312 
.345784 
.338453 

.78704 

•77951 
.77206 

41.4 
41.2 
41.0 

1.17119 

1.15843 
I.I4590 

•575483 
.564270 
.553344 

1.01095 
1.00206 

.99328 

33-4 
33-2 
33-o 

.89685 
.88625 
.87584 

.3313" 
•324350 
•317563 

.76470 

•75743 
•75023 

40.8 
40.6 
40.4 

1.13361 
I.  12153 
1.10966 

.542692 

•532304 
.522170 

.98462 
.97605 
•96759 

32.8 
32.6 
32.4 

.86561 

.85555 
.84565 

.350942 
.304481 
.298174 

•  743" 
.73607 
.72910 

40.2 
40.0 
39-8 

1.09800 
1.08653 
1.07526 

.512280 
.  502625 
.493196 

.95922 

.95095 
.94278 

32.2 
32.0 
31-8 

•83591 

.82632 

.81688 

.292015 
.286000 
.280124 

.72220 

.71537 
.  70861 

39-6 
39-4 
39-2 

1.06416 
1.05324 
1.04249 

.483984 
.474982 
.466182 

•93469 
.92668 
.91877 

31.6 

31-4 
31.2 

.80758 
.79842 
•78939 

.274381 
.268767 
.263277 

.70191 
.69528 
.68871 

39-0 

38.8 
38.6 

1.03190 
1.02147 
i.  01119 

•457578 
.449162 
.440928 

.91093 
.90318 
•89551 

31.0 
30.8 
30.6 

.78049 
.77171 
.76305 

.257908 
.252656 
.247516 

.6822C 

.67575 

.66936 

y  =  0.4 

Y  =  0-5 

9 

X 

Y 

T 

<f> 

X 

Y 

T 

0 
34-2 
34-0 
33-8 

1.24777 

1.21572 
1.18649 

.536087 
•514384 

•494743 

.  89410 
.88133 
.86916 

0 

29.6 
29.4 
29.2 

1.06591 
1.03607 
I.  00900 

.384666 
•367783 
.352587 

.75459 
.74287 
.73172 

33-6 
33-4 
33-2 

1.15954 
1.13449 

1.11103 

.476774 
.460188 

•444779 

•85750 
.84629 
•83546 

29.0 

28.8 
28.6 

.98413 

.96107 
•93953 

•338743 
.326013 
.314219 

.72106 
.71081 
.70093 

33-0 
32.8 
32.6 

1.08894 
1.06805 
1.04819 

•  .430379 
.416859 
.404114 

.82498 
.81481 
.  80492 

28.4 
28.2 
28.0 

.91928 
.90015 

.88201 

.  303226 
.292927 
.283238 

.69136 
.68208 
.67306 

32.4 
32.2 
32.0 

1.02927 
1.01117 

.99383 

•392057 
.380618 

.369734 

•79528 
.78588 
.77669 

27.8 
27.6 
27.4 

.86473 
.84822 
.83240 

.  274088 
.265421 

.257188 

.66427 
.65570 
.64732 

31.8 
31-6 
31-4 

.97715 

.96116 

.94561 

•359357 
•349440 
•339947 

.76770 
•75891 
.75028 

27.2 
27.0 
26.8 

.81722 
.  80260 

.78850 

.249348 
.241866 
•234713 

•63913 
.63110 
.62323 

31.2 
31.0 
30.8 

.93063 
.91614 
.  90209 

•330844 
.322101 
•313693 

.74182 
•73351 

•72535 

26.6 
26.4 
26.2 

.77488 
.76170 
•74892 

.227862 
.221289 
.214976 

.61552 
.60794 
.60049 

30.6 
30.4 
30.2 

.88846 

.87521 

.86232 

•305596 
.297791 
.290258 

•71733 
.70944 
.70167 

26.0 

25.8 
25.6 

.73653 
.72448 
.71277 

.  208903 
.203055 
.197418 

•59316 

•58595 
.57886 

30.0 
29.8 
29.6 

.84976 

.83753 
.82559 

.282981 

•275945 
.269136 

.  69402 
.68648 
•67905 

25-4 
25.2 
25.0 

.70136 
.69025 
.67940 

.191977 
.186722 
.181643 

.57187 
.56498 
.55818 

29-4 
29.2 
29.0 

.81393 
.80255 
.79141 

.262542 
.256152 
•249954 

.67172 
.  66449 
•65735 

24.8 
24.6 
24.4 

.66882 

•65847 
.64836 

.176728 
.171970 
.167361 

.55148 
.54487 
•53834 

28.8 
28.6 
28.4 

.78052 
.76985 
.75940 

•243939 
.238098 
.232424 

•65031 

•64335 
.63648 

24.2 
24.0 
23.8 

.63846 
.62877 
.61928 

.162892 
.158557 
.154350 

.53189 
.52552 
.51922 

28.2 
28.0 
27.8 

.74916 

.73911 
.72925 

.  226908 
.221543 
.216323 

.  62969 
.62298 
.61634 

23.6 

23-4 
23.2 

.60997 
.60084 
.59189 

.150265 
.  146297 
.  142440 

.51300 
.  50684 
.50075 

27.6 

27.4 
27.2 

.71957 
.71007 
.70073 

.211242 
.206294 
.201473 

.60977 
.60328 
.59686 

23.0 

22.8 
22.6 

•58309 
.57446 
.56597 

.138689 
.135040 
.131490 

•49473 

.48877 
.48287 

27.0 
26.8 
26.6 

.69155 
.68252 
.67364 

•196775 
.192195 

.187728 

•59050 
.58420 

•57797 

22.4 
22.2 
22.  0 

•55763 
.54942 

•54135 

.128034 
.124668 
.121190 

.47703 
.47124 
.46551 

26.4 
26.2 
26.0 

.66489 
.65629 
.64781 

.183370 
.179117 
.174966 

.57i8o 
.56568 
.55963 

21.8 
21.6 

21.4 

•53341 
.52559 
.51788 

.118396 
.115083 
.112048 

.45983 
•45420 
.44862 

25.8 
25.6 
25.4 

.63946 
.63124 
.62313 

.170913 
.166954 
.  163086 

.55363 
.54768 
•54178 

21.2 
21.  0 

20.8 

.51028 
.50280 
•49542 

.  109088 
.  106200 
.  103384 

•44310 
.43763 
.43220 

25.2 
25.0 
24.8 

.61514 

.60726 

.59948 

.159307 
•155615 
.152005 

•53594 

-530I5 
.52440 

20.  6 
20.4 

20.2 

.48815 
.48097 

.47389 

.  100636 
•097954 
•095336 

.42682 
.42148 
.41618 
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y  =  O.6 

r  =  o.? 

<P 

X 

Y 

T 

9 

X 

Y 

T 

0 
26.0 
25.8 
25.6 

•93344 
.90438 
.87825 

•290751 
.276640 
.  264063 

•65330 
.64211 

•63151 

0 

23.0 

22.8 
22.6 

.81319 
.78636 

.76226 

.220114 

.208780 
.198698 

.56922 

•55871 
•54877 

25-4 
25.2 
25.0 

.85442 

•83245 
.81202 

.252696 
.242310 
.232737 

.62141 
.61172 
.60239 

22.4 
22.2 
22.0 

.74029 

.  72004 
.70121 

.189597 
.181290 
•173643 

•53929 
.53020 

•52145 

24.8 
24.6 
24.4 

.79288 
.77486 
.75780 

.223854 

•215563 
.207789 

•59338 
•58465 
•57617 

21.8 
21.6 

21.4 

.68358 

.66697 
.65126 

.166554 
•159945 
•153754 

.51300 
.  50480 
.49684 

24.2 
24.0 
23.8 

.74159 
.72613 

•  7"34 

.  200470 

•193554 
.187002 

.56792 

•55987 
•55201 

21.2 
21.0 
20.8 

.63632 
.62208 
.60845 

•  147930 
•  142434 
•137231 

.48909 
.48153 
•47415 

23.6 

23-4 
23.2 

.69716 

.68352 
.67039 

.180776 
.174848 
.169191 

•54433 
•53681 
.52943 

20.6 
2O.4 
20.2 

•59539 

.58282 
•5/072 

.132293 
.127596 
.123118 

.46693 
.45986 
•45293 

23.0 
22.8 
22.6 

•65771 
•64545 
.63358 

.163786 
.158605 
•153639 

.52220 
.51510 
.50812 

20.  0 
lg.8 
lg.6 

.55903 
•54774 
.53679 

.118842 
•114752 
.110835 

.44613 

•43945 
.43289 

22.4 
22.2 
22.  0 

.  62207 
.61089 
.60003 

.148871 
.  144286 
•139873 

.50126 

•49451 
.48786 

19.4 
lg.2 
ig.O 

.52618 

.51583 
.50586 

.  107077 
.  103468 
.099998 

•42643 
.42008 
.41382 

21.8 
21.6 

21.4 

.58945 
•57915 
.56910 

.135622 
.131522 
.127564 

.48131 
.47486 
.46849 

18.8 
18.6 
18.4 

.49611 
.48660 
•47733 

.096659 
.093443 
•090343 

.40765 
.40157 
•39557 

21.2 
21.0 
20.8 

.55929 
•54972 
•54035 

.123741 
.  120045 
.116470 

.46221 
.45602 
•44990 

18.2 
18.0 

17.8 

.46829 

•45945 
.45081 

.087352 
.084464 
.081674 

.38966 

.38381 
.37804 

20.  6 
20.4 

20.  2 

•53II9 
.52223 

.51345 

.113009 
.109657 
.  106409 

.44385 
.43788 
.43198 

17.6 
17.4 
17.2 

.44236 
•43409 
.42598 

.078976 
.076368 
•073843 

•37234 
.36671 
.36113 

2O.  O 
IQ.8 
IQ.6 

.  50484 
.49640 
.48812 

.103259 
.  100204 
.097238 

.42614 
.42037 
.41466 

17.0 
16.2 
16.6 

.41804 
.41025 
.40260 

.071399 
.069031 
.066738 

.35562 
•35017 
•34478 

19.4 
lg.2 
ig.O 

•47999 
.47201 
.46416 

.094360 
•091563 
.088847 

.  40901 
.40342 
•39788 

16.4 
16.2 
16.0 

.39509 
.38772 
.38047 

.064514 
.062358 
.060267 

•33944 
•33416 
.32892 

18.8 
18.6 
18.4 

•45645 
.44887 
.44141 

.086206 
.083639 
.081143 

.39239 
.38696 
.38158 

15-8 
15-6 
15-4 

•37335 
.36634 
•35945 

•058237 
.056268 
•054356 

.32374 
.31860 

.31351 

18.2 
18.0 

17.8 

.43406 
.42683 
.41971 

.078715 
.076352 
•074053 

•37625 
.37096 
•36572 

15-2 
15-0 
14.8 

.35266 
.34598 
•33940 

.052500 
.050697 
.048946 

.30847 
•30346 
.29850 

17.6 
17.4 
17.2 

.41270 

•40579 
•39897 

.071815 
.069636 
•067513 

•36053 

•35538 
•35027 

14.6 
14.4 
14.2. 

•33292 
•32653 
.32023 

•047245 
•045592 
.043985 

.29358 
.28870 
.28386 

17.0 
16.8 
16.6 

.39225 
•38562 
.37908 

.065444 
.063430 
.061468 

•34520 
•34017 
•33518 

14.0 

13-8 
13.6 

.31401 
.30788 
.30183 

.042424 
.040907 
•039432 

.27906 
.27429 
.26956 
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r  =  o.s 

Y  =  0.9 

V 

X 

Y 

T 

¥ 

X 

Y 

T 

0 
20.6 
20.4 
20.  2 

.72328 

.69753 
•67451 

•173439 
.  163809 

.155295 

•50514 
.49502 
.48546 

0 
18.6 
18.4 
18.2 

.64747 

.62289 
.60098 

.138865 
.  130637 

•123395 

.45243 
•44265 

•43344 

2O.  O 
19.8 
lg.6 

.65361 
.63440 
.61658 

.  147646 
.  140692 
•  134310 

•47637 
.46766 
.45928 

18.0 
17.8 
17.6 

.58115 
•56295 
.54609 

.116911 
.111033 
•105653 

.42469 

.41631 
.40826 

19.4 
ig.2 
ig.O 

.59992 
.58426 
.56945 

.128411 
.122924 
.117797 

•45119 

•44335 
•43575 

17-4 
17.2 
17.0 

.53035 
.51556 
.50159 

.  100690 
.096084 
.091787 

.40049 

•39297 
.38566 

18.8 
18.6 
18.4 

•55539 
.  54200 
.52920 

.112984 
.  108450 
.  104167 

•42834 
.42112 
.41407 

16.8 
16.6 
16.4 

.48834 

•47573 
•46367 

.087761 
.083976 
.080405 

.37855 
.37162 
.36486 

18.2 
18.0 
17.8 

•51693 
•50514 
.49378 

.  100109 
.096255 
.092587 

.40718 
.40043 
•39382 

16.2 
16.0 

15.8 

-45212 
.44103 
•43035 

.077027 
.073825 
.070782 

•35824 
•35177 
•  34542 

17.6 

17.4 
17.2 

.48283 
.47224 
.46199 

.089091 

.085752 
.082559 

•38733 
•38095 
.37468 

15-6 

15-4 
15-2 

.42005 
.41009 
.40045 

.067886 
.065125 
.062488 

•339J9 
.33307 

17.0 
16.8 
16.6 

•45205 
.44240 
•43302 

.079501 
.076569 
.073754 

.36852 
.36246 
.35648 

15-0 
t4.8 
14.6 

.39111 

.38204 
•37323 

.059967 

.057554 
•055242 

•  32TT4 

•31532 
•30958 

16.4 
16.2 
16.0 

.42389 
.41499 
.40632 

.071050 
.068450 
.065947 

.35060 

•34479 
.33906 

14.4 
14.2 
14.0 

-36465 
•35630 
•348i5 

.053024 
.050894 
.048848 

•30393 
.  29836 
.29286 

15-8 
15-6 
15-4 

•39786 
.38960 
.38152 

•063537 
.061213 
.058972 

•33341 
•32783 
.32232 

13-8 
13.6 
13-4 

.  34020 

•33244 
•32485 

.046881 
.044989 
.043167 

•28743 
.28208 
.27678 

15-2 
15-0 
14.8 

.37361 
•36587 
•35829 

.056810 
.054722 
.052705 

.31688 

•  3"49 
.30617 

13-2 
13.0 

12.8 

•31743 
.31016 

•30305 

.041412 
.039721 
.038091 

.27155 
.26638 
.26127 

14.6 
14.4 
14.2 

•35087 
•34358 
•33643 

.050756 
.048872 
.047050 

.30091 
.29570 
•29054 

12.6 

12.4 

12.2 

.  29607 
•28923 
.28251 

.036518 
.035001 
•033537 

.25621 
.25120 
.24625 

14.0 
13-8 
13-6 

.32942 
.32252 
.31575 

.045287 
.043581 
.041929 

.28544 
.28039 
•27538 

12.  0 
II.  8 

ii.  6 

.27592 
.26945 
.  26308 

.032124 
.030760 
.  029442 

.24134 
.  23648 
.23167 

HI  M  M 

WWW 

b  io  i> 

-30909 
•30254 
.  29609 

.040330 

.038782 
.037282 

.27042 
•26551 
.  26064 

11.4 

II.  2 
II.  O 

•25683 
.25068 
.  24462 

.028170 
.026940 

•025753 

.  22690 
.22218 
•21749 

12.8 
12.6 

12.4 

.28974 
•28349 
•27734 

.035829 
.034421 
.033057 

.25581 
.25102 
.  24627 

10.8 
10.6 
10.4 

23866 
.23279 
.22701 

.024606 
•023497 
.022426 

.21285 
.20825 
.  20368 

12.2 
12.0 

II.  8 

.27128 
•26531 
•25942 

.031735 
.030454 
.029213 

.24156 
.  23690 
.23227 

IO.2 
IO.O 

9.8 

.22132 
.21571 
.21018 

.021391 
.020391 
.019425 

.19914 
.  19464 
.19018 

II.  6 
11.4 
II.  2 

•25361 
.24788 
.24222 

.028010 

.026844 
.025713 

.22767 
.22310 
.21856 

9.6 

9-4 
9.2 

.  20472 
•  19934 
•  19403 

.018492 
.017591 
.016721 

.18575 
.18135 
.17699 
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y=  I.O 

y-  I.I 

? 

X 

Y 

T 

9 

X 

Y 

T 

0 

17.0 

.59414 

.116140 

.41265 

0 

i5-4 

.51899 

.090241 

•36756 

16.8 

.56934 

.  108606 

.40293 

15-2 

.49780 

.084445 

.35864 

16.6 

.54752 

.  102059 

•39382 

15-0 

.47885 

•079331 

.35022 

16.4 

.52792 

.096251 

.38519 

14.8 

.46163 

.074748 

.34219 

16.2 

.51004 

.091024 

.37696 

14.6 

•44578 

.070591 

•33451 

16.0 

•49357 

.086268 

.36907 

14.4 

.43108 

.066788 

.32711 

15-8 

.47824 

.081903 

•36147 

14-2 

.41732 

.063282 

.31996 

15-6 

.46389 

.077869 

.35412 

14.0 

.40438 

.060032 

.31302 

15-4 

.45037 

.074119 

•34699 

13-8 

.39215 

.057004 

.  30629 

15-2 

.43758 

.070618 

.34006 

13.6 

.38053 

.054171 

.29974 

15-0 

42541 

.067336 

•33331 

13-4 

.36945 

.051512 

•29334 

14.8 

.41381 

.  064249 

.32672 

13-2 

.35886 

.  049008 

.28709 

14.6 

.40271 

.061337 

.32029 

13-0 

.34871 

.  046645 

.  28098 

14.4 

.39206 

.058582 

.31399 

12.8 

.33895 

.044409 

•27499 

14.2 

.38182 

•055972 

.  30782 

12.6 

.32954 

.042291 

.26912 

14.0 

.37195 

•053493 

•30177 

12.4 

•32047 

.040279 

.  26336 

13-8 

.36242 

.051134 

.29583 

12.2 

.31169 

.038366 

•25769 

•35320 

.048887 

.28999 

12.  0 

.  30320 

•036544 

.25212 

1^4 

.34427 

.046744 

.28425 

ii.  8 

.  29496 

.034807 

.  24664 

13-2 

.33561 

.  044696 

.27860 

ii.  6 

.28695 

.033150 

.24124 

13.0 

.32720 

.042738 

.27303 

11.4 

.27917 

.031567 

•23592 

12.8 

.31902 

.  040864 

.26755 

II.  2 

.27160 

.030053 

.  23068 

12.6 

•31105 

.039069 

.26214 

II.  0 

.  26422 

.028605 

.22551 

12.4 

.30329 

•037348 

.25681 

10.8 

.25702 

.027219 

.  22040 

12.2 

.29571 

.035696 

•25155 

10.6 

.24999 

.025891 

.21536 

12.0 

.28832 

.034111 

•24635 

10.4 

.24313 

.024618 

.21039 

ii.  8 

.28109 

.032588 

.24122 

10.2 

.23641 

.023398 

•20547 

ii.  6 

.27403 

.031125 

.23615 

IO.O 

.22985 

.022228 

.20060 

11.4 

.26711 

.029718 

.23113 

9.8 

.22341 

.021105 

.19579 

II.  2 

.  26034 

.028365 

.22618 

9.6 

.21711 

.020028 

.19103 

II.  O 

.25371 

.027063 

.22127 

9-4 

.21093 

.018994 

.  18632 

10.8 

.24720 

.025811 

.21642 

9-2 

.  20487 

.018001 

.18166 

10.6 

.24082 

.024605 

.21162 

9.0 

.  19892 

.017049 

.17704 

10.4 

.23456 

.023444 

.  20686. 

8.8 

.  19308 

.016134 

.17247 

IO.2 

.22841 

.022326 

.20215 

8.6 

•18734 

.015255 

.16794 

10.  0 

.22236 

.021249 

.  19749 

8.4 

.18170 

.014412 

.  16346 

9.8 

.21642 

.020212 

.19286 

8.2 

.17615 

.013603 

.15901 

.21058 

.019213 

.18828 

8.0 

.17069 

.012826 

.15460 

9*4 

.20483 

.018252 

•18374 

7-8 

.16532 

.012080 

.15023 

9-2 

.19918 

.017325 

•17924 

7-6 

.16003 

.011365 

.14589 

9.0 

.19361 

.016433 

•17477 

7-4 

.15482 

.010680 

-14159 

8.8 

.18812 

.015574 

•17034 

7.2 

•  14969 

.010022 

•13733 

8.6 

.18271 

.014747 

.  16594 

7.0 

.14463 

.009392 

•13309 

8-4 

.17738 

.013951 

.16158 

6.8 

.  13965 

.008788 

.12888 

8.2 

.17213 

.013185 

.15726 

6.6 

.  13473 

.008210 

.12471 

8.0 

.  16696 

.012447 

.15297 

6.4 

.12988 

.007657 

.12057' 

7-8 

.16185 

.011738 

.14871 

6.2 

.12509 

.007129 

.11646 

7.6 

.15681 

.011056 

.14448 

6.0 

.  12037 

.006625 

.11238 
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y  =  1.2 

Y—  i-3 

9 

X 

Y 

T 

9 

X 

Y 

T 

0 

14.6 
14.4 
14.2 

.52776 

•49953 
.47586 

.089263 
.081960 
.075927 

•35707 
.34683 
.33745 

0 

13.4 

13.2 
13.0 

.46665 
.44277 
.42223 

.071208 
.065561 
.060781 

.32266 
•31329 
•30459 

14.0 
13-8 
13.6 

.45528 
.43694 
.42031 

•070755 
.066215 
.062161 

.32871 
•32047 
.31263 

12.8 
12.6 

12.4 

.40407 
.38770 
•37274 

.056621 
.052932 
.049614 

.29643 
.28868 
.28128 

13-4 
13.2 
13-0 

•40505 
.39091 
.37770 

.058497 

.055153 
.052079 

.30512 
.29790 
.  29093 

12.2 
12.  0 

II.  8 

.35892 
.34604 
•33396 

.046600 

•043839 
.041294 

.27417 
.26731 
.26068 

12.8 
12.6 

12.4 

.36528 
•35355 
.34242 

.049236 
.046592 
.044125 

.28418 
.27762 
.27123 

II.  6 
IX  .4 

II.  2 

.32258 

.31178 

.30152 

.038936 
.036740 
.034688 

.25424 

•24797 
.24187 

12.2 
12.  0 
II.  8 

.33182 
.32169 
.3"98 

.041813 
.039641 
.037595 

.26501 

.25892 
.25297 

II.  0 

10.8 
10.6 

.29172 
.28233 

.27333 

.032765 
.030958 
.029256 

•23591 
.23008 
.22438 

II.  6 
II.4 
II.  2 

.30265 
•29367 
.28500 

.035663 

•033835 
.032103 

•24715 
.24143 

.23582 

10.4 

IO.2 
IO.O 

.  26466 
.25630 
.24823 

.027650 
.026131 
.024693 

.21878 
.21329 
.  20790 

II.  O 

10.8 
10.6 

27662 
.26851 
.  26065 

.030459 
.028897 
.027411 

.23031 
.22489 
.21956 

9.8 
9.6 

9-4 

.  24041 

.23284 

.22549 

.023329 
.022034 
.020804 

.2cc5o 

.19738; 

.19224 

10.4 

IO.2 
IO.O 

.25301 

-24559 
.23836 

•025995 
.024646 
.023359 

.21431 
.20913 
.20403 

9.2 
9.0 

8.8 

.21835 

.21141 
.  20464 

.019635 
.018522 
.017462 

.18718 
.18220 

.17728 

9.8 
9.6 
9-4 

.23132 
.22446 
.21776 

.022130 
.020957 
.019836 

.19900 
.  19404 
.18913 

8.6 
8.4 

8.2 

.  19804 
.19160 

.18532 

.016453 
.015491 
•014573 

.17242 

.16763 
.16290 

9-2 
9.0 

8.8 

.21121 
.20481 
.I9855 

.018764 
.017738 
.016758 

.18429 
.17950 
•17477 

8.0 

7-8 
7-6 

.17917 
.17316 
.16728 

.013699 
.012865 
.012069 

.15822 

.15359 

.  14902 

8.6 
8.4 

8.2 

.19242 
.18641 
.18052 

.015819 
.014922 
.014062 

.17009 
.  16546 
.  16088 

7-4 
7.2 
7.0 

.16151 

.15586 
.  15032 

.011310 
.010586 
.009896 

.  14449 

.  14002 

.13558 

8.0 
7.8 
7.6 

•17474 
.  16908 

.16351 

.013240 
.012454 
.011701 

.15635 
.15186 

•  14741 

6.8 
6.6 
6.4 

.  14489 

"13955 
•13430 

.009238 
.008611 
.008013 

.13120 

.12685 
.12254 

7-4 
7.2 
7.0 

.15804 
.15267 
.14738 

.010981 
.010293 
.009634 

.14300 
.  13864 
•13431 

6.2 

6.0 

5-8 

.12915 
.12408 
.11910 

•007444 
.006903 
.006387 

.11828 

.11405 
.10985 

6.8 
6.6 
6.4 

.14218 
.13706 
.  I32O3 

.009005 
.008404 
.007830 

.13002 
.12576 
.12154 

5-6 
5-4 

5-2 

.11419 

•  10937 
.  10461 

.005898 
•005433 
.004992 

.10570 

.10157 
.09748 

6.2 

6.0 

5-8 

.12706 
.12218 
.11736 

.007282 
.006760 
.006262 

•11735 
.11320 
.  10908 

5-0 
4.8 
4.6 

.09993 
•09532 
.09077 

.004574 
.004178 
.003804 

.09342 
.08939 
08539 

5-6 
5-4 

5-2 

.11261 
.  10793 
.  I033I 

.J005788 
•005337 
.004908 

.  10499 
.10093 
.09689 

4-4 
4.2 
4.0 

.08628 
.08185 
•07748 

.003451 
.003118 
.002805 

.08142 

.07748 
.07357 
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r  =  i.4 

y  —  i.  5 

9 

X 

Y 

T 

f 

X 

Y 

T 

0 
12.2 
12.  0 
II.  8 

.40049 
.38169 
•36495 

.054244 
.050213 
.046685 

.28670 
.27842 
.27061 

0 
II.  4 
II.  2 
II.  O 

.37183 

•35357 
•33734 

.046879 
.043229 
.040046 

.  26693 
.25879 
.25112 

II.  6 

ix.  4 

II.  2 

•34979 
•33588 
.32299 

.043544 
.040714 
.038138 

.26318 
.25607 
.24923 

10.8 
10.6 
10.4 

.32267 
.30923 
.29678 

.037220 
.034679 
•032373 

•24384 
.23687 
.23016 

II.  O 

10.8 
10.6 

•31095 
.29964 
.28896 

•035777 
•033599 
.031580 

.  24262 
.23623 
.23001 

10.2 
IO.O 

9.8 

•28517 
.27427 
.26398 

.030263 
.028320 
.026524 

.22369 

•21743 
.21134 

10.4 

IO.2 
IO.O 

.27882 
.26917 
•25994 

.029701 
.027946 
.026303 

.  22396 
.21806 
.21230 

9.6 
9.4 
9.2 

.2542! 
.24492 
.  23604 

.024855 
.023299 
.021845 

.20542 
.  19964 
.19400 

9.8 
9.6 
9-4 

.25110 
.  24260 
•23442 

.024760 
.023307 
.021938 

.  20666 
.20113 
•19572 

9.0 

8.8 
8.6 

•22753 
.21936 
.21149 

.020482 
.019202 
.017998 

.18848 
.  18308 
•17777 

9.2 
9.0 
8.8 

.22653 
.21890 
.21152 

.020646 
.019424 
.018267 

.  19040 

.18517 
.18003 

8.4 

8.2 

8.0 

.  20390 

•19657 
.  18946 

.016864 

•015794 
.014783 

•17257 
.  16746 
.  16243 

8.6 
8-4 

8.2 

•20435 
•  19740 
.  19064 

.017171 
.016131 
.015145 

•17497 
.  16999 
.  16508 

7-8 
7.6 

7-4 

.18258 

•1759° 
.  16940 

.013827 
.012924 
.012068 

•15748 
.15260 
.  14780 

8.0 
7.8 
7.6 

.  18405 
.17764 
.17139 

.014209 
.013319 
.012474 

.  16024 
•15546 
•15075 

7.2 
7-0 
6.8 

.  16308 
•15692 
.15091 

.011258 
.010491 
.009764 

.14306 
•13839 
•13378 

7-4 
7.2 
7-0 

•16529 
•15933 
•15350 

.011670 
.010906 
.010180 

.  14610 
.14150 
•13695 

6.6 
6.4 
6.2 

•  14505 
•13932 
•13372 

.009075 

.008422 
.007803 

.12922 
.  12472 
.12028 

6.8 
6.6 
6.4 

•14779 
.14221 

.13673 

.  009489 
.008833 
.008209 

•  13246 
.12801 
.12361 

6.0 

5-8 
5-6 

.12824 
.12288 
.11762 

.007218 
.006663 
.006139 

.11588 

•III53 
.10722 

6.2 

6.0 

5-8 

.13137 
.12610 
.12094 

.007617 
.007054 
.006520 

.11926 

•"495 
.11068 

5-4 

5-2 

5-0 

.11247 
.10741 
.10245 

.005642 
.005173 
.004731 

.  10296 
.09874 
•09457 

5-6 
5-4 

5-2 

.11586 
.11088 
.  10598 

.006014 
•005534 
.005080 

.  10645 
.  10226 
.09810 

4.8 
4.6 
4-4 

.09758 
.09279 
.08809 

.004313 
.003919 
•003549 

.09043 
.08633 
.08226 

5-0 
4-8 
4-6 

.10116 
.09642 
.09176 

.004650 
.004244 
.003860 

.09399 
.08990 
'  .08585 

4.2 
4.0 
3.8. 

.08347 
.07891 
•07443 

.003201 
.002875 
.002569 

.07823 

•07423 
.07027 

4-4 
4.2 
4.0 

.08716 
.08264 
.07818 

.003499 
.003158 
.002839 

.08184 

•07785 
•07390 

3-6 
3-4 
3-2 

.070O2 
.06568 
.06139 

.002284 
.002018 
.001771 

.06634 
.06244 
.05856 

3-8 
3-6 
3-4 

•07379 
.06946 
.06519 

.002539 
.002259 
.001998 

.06997 
.06607 
.06220 

3-0 

2.8 
2.6 

•05717 
.O530I 
.04891 

•001543 
.001332 
.001138 

•05472 
.05090 
.04711 

3-2 
3-0 

2.8 

.06098 
.05681 
•05270 

.001755 
.001530 
.001322 

.05836 

•05455 
.05076 

2.4 

2.2 
2.O 

.04487 
.04088 
.03693 

.000961 
.000801 
.000657 

•04335 
.03962 

•03591 
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y  =  1.6 

r=i.7 

f 

X 

Y 

T 

v 

X 

Y 

T 

0 
10.8 
10.6 
10.4 

.35727 
.33811 
.32135 

.042866 
.039244 
.036137 

.25411 
•24577 
•23799 

0 

IO.2 
IO.O 

9.8 

.33774 
.31860 
.30198 

.038251 
.034841 
.031938 

.23987 
•23157 

.22384 

10.2 
IO.O 

9.8 

.30635 

.29272 
.28018 

•033411 

.030982 
.028793 

.  23064 
.22363 
.21691 

9.6 
9.4 
9.2 

.28718 
•27377 

.26146 

.029407 
.027162 

.025147 

.21655 
.20961 
.20297 

9.6 
9.4 
9.2 

.26853 

.25764 
.24740 

.026803 
.024980 
.023302 

.21045 
.  20419 
.19813 

9.0 

8.8 
8.6 

.25006 

.23942 

.22941 

.023321 
.021653 
.020122 

.19658 
.  19041 
.18444 

9.0 

8.8 
8.6 

.23770 

.22850 
.21972 

.021749 
.020307 
.018964 

.19224 
.18650 
.18091 

8.4 

8.2 

8.0 

.21996 
.21099 
.  20245 

.018710 
.017401 
.016185 

.17863 
.17297 

.16746 

8.4 

8.2 

8.0 

.21133 

.20328 

.19554 

.017709 
•016535 
•015433 

.17543 
.17008 
.  16483 

7.8 
7.6 
7-4 

•  19429 
.  18646 
.17894 

.015052 

•013994 

.013004 

.  16207 

.15679 
•15163 

7.8 
7-6 
7-4 

.18808 
.18088 
.17392 

.014398 
.013425 
.012509 

•  15968 
•15462 
•  14965 

7-2 

7.0 
6.8 

.17170 
.16472 
•15796 

.012077 
.011206 
.010389 

.14656 

.14158 

•  13669 

7-2 

7.0 
6.8 

,16718 
.  16064 

.15428 

.011645 
.010830 
.010061 

•14475 
•13994 
•13519 

6.6 
6.4 

6.2 

.15142 

.  14508 
.13892 

.009621 
.008898 
.008218 

.13188 
.12715 

.12248 

6.6 
6.4 

6.2 

.14811 
.  14209 
.13623 

.009336 
.008650 
.008003 

.13052 
.12590 
.12135 

6.0 

5-8 
5-6 

.13294 

.12711 

.12143 

.007578 

.006976 
.006409 

.11788 

.11335 
.10887 

6.0 

5-8 
5-6 

.13051 
.12493 
.11947 

.007392 
.006815 
.006270 

.11686 
.11242 
.  10803 

5-4 

5-2 

5-o 

.11590 

.11049 
.10521 

.005876 

•005374 

.004903 

.  10446 

.  IOOIO 

.09579 

5-4 

5-2 

5-0 

.11413 

.10891 
.  10380 

.005756 
.005271 
.004815 

.10370 
.09941 
.09517 

4.8 
4.6 
4-4 

.10004 

.09499 

.09004 

.004460 
.004044 
.003655 

.09152 
.08731 
.08314 

4.8 
4.6 
4-4 

.09878 
•09387 

.08904 

.004385 
.003981 
.003601 

.09097 
.08681 
.08270 

4.2 
4.0 

3-8 

.08519 
.08043 
.07577 

.003290 
.  002949 
.002631 

.07901 

.07493 
.07088 

4-2 

4.0 

3-8 

.08431 
.07966 

.07509 

.003245 
.002912 
.002600 

.07862 
.07458 
.07058 

3-6 
3-4 

3-2 

.07119 

.06669 
.06227 

.002335 

.  002060 
.001805 

.06687 

.06290 

.05897 

3-6 

3-4 

3-2 

.07060 
.06618 
.06183 

.002310 
.002039 
.001789 

.06661 
.06267 
•05877 

3-0 

2.8 
2.6 

.05793 

.05366 

.04945 

.001570 
.001354 

.001156 

.05507 

.05120 

.04737 

3-0 

2.8 
2.6 

•05755 
•05333 
.04918 

•001557 
.001343 
.001147 

.05490 
.05106 
.04725 

2.4 

2.2 
2.0 

.04532 

.04124 

.03723 

.000975 
.000811 
.000664 

.04357 
•03979 

.03605 

2.4 

2.2 
2.O 

.04509 
.04106 
.03708 

.  000969 
.  000807 
.000661 

.04346 
.03971 
•03598 

1.8 

1.6 
1.4 

.03327 
.02937 
•02553 

.000533 
.000417 
.000316 

•03233 
.02864 

•02497 

1.8 
1.6 
1.4 

.03316 
.02929 
•02547 

.000530 
.000415 
.000315 

.03227 
.02859 
.02494 

1.2 
I.O 

0.8 

.02174 
.01800 

.01431 

.000230 
.000159 

.OOOIOI 

.02133 

.01772 
.01413 
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7=1.8 

7=1.9 

9 

X 

Y 

T 

<p 

X 

Y 

T 

0 

g.6 
9-4 
9-2 

.31398 
.29579 
.27994 

•033273 
.030230 
.027634 

.22453 
.21645 

.20891 

0 

9.0 

8.8 
8.6 

.28737 
.27075 

.25612 

.028267 
.025664 
.023425 

.  20836 
.20065 
.  19342 

9.o 

8.8 
8.6 

.26580 
.25298 
.24120 

.025369 
.023361 
.021558 

.  20180 

.19503 

.18854 

8.4 

8.2 

8.0 

.24299 
.23101 
.21997 

.021461 
.019714 

.018142 

.18658 
.18004 
•17377 

8.4 

8.2 

8.0 

.23028 
.22008 
.21048 

.019926 
.018437 
.017071 

.18230 

.17627 

.17042 

7.8 
7-6 
7-4 

.  20969 
.20007 
.19100 

.016716 

.015415 

.014221 

.16773 
.16188 
.15620 

7-8 
7.6 

7-4 

.20141 
.  .19281 
.  18460 

.015813 
.014649 
.013569 

.16474 
.15921 

.15382 

7.2 
7-0 
6.8 

.18242 
.17426 
.  16647 

.013121 
.012104 
.011162 

.15068 

•14531 
.14005 

7-2 
7.o 
6.8 

.17676 
.  16925 
.  16202 

.012564 
.011628 
.010754 

.14854 
.14338 
.13832 

6.6 
6.4 

6.2 

.  15902 
.15187 
.  14499 

.010287 
.009472 
.008712 

•  13492 
.12989 
.12496 

6.6 
6.4 

6.2 

.15506 
.  14834 
.14185 

.  009936 
.009171 
.008453 

.  13336 
.12848 
.12369 

6.0 
5-8 
5-6 

.13836 
.13195 

.12575 

.008003 

.007341 

.006722 

.12012 

•II537 
.11069 

6.0 
5-8 
5-6 

.13556 

.12946 

.12354 

.007781 
.007151 
.006559 

.11897 

.11434 
.10977 

5-4 

5-2 

5.0 

.11975 
.11392 
.10826 

.006144 
.005603 
.005098 

.10609 
.10157 
.09710 

5-4 
5-2 

.11778 

.11217 
.10670 

.006005 
.005484 
.004997 

.10526 
.  10082 

.09643 

4.8 
4.6 

4-4 

.  10275 
.09739 

.09216 

.004625 
.004184 

.003773 

.09270 

.08836 
.08408 

4.8 
4.6 
4-4 

.10137 

.09617 
.09108 

.004540 
.004112 
.003712 

.09210 

-.08783 

.08360 

4.2 
4.0 

3-8 

.08706 
.08207 
.07720 

.003389 
.003032 
.002700 

.07984 
.07566 
.07153 

4-2 

4.0 

3-8 

.08611 
.08125 
.07648 

.003338 
.002989 
.002664 

.07942 
.07529 

.07120 

3-6 
3-4 

3-2 

.07244 
.06777 

.06320 

.002391 
.002106 
.001842 

.06744 
,06340 
.05940 

3-6 
3-4 

3-2 

.07181 
.06723 
.06274 

.002362 
.002082 
.001823 

.06716 
.06315 
.05918 

3-0 

2.8 
2.6 

.05872 
.05433 

.05002 

.001600 

.001377 

.001174 

•05544 
.05152 
.04763 

3-0 

2.8 
2.6 

.05833 
.05400 

•04974 

.001585 
.001365 
.001164 

.05525 

.05136 

.04750 

2.4 

2.2' 
2.O 

.04578 

.04162 

.03753 

.000989 
.000822 
.000672 

•04379 
.03997 
.03619 

2.4 
2.2 
2.0 

.04555 
.04144 

.03739 

.000982 
.000816 
.000668 

.04368 
.03989 

.03612 

1.8 
1.6 
1.4 

.03352 
.02956 
.02567 

.000538 

.000421 
.000319 

.03245 
.02873 
.02504 

1.8 

1.6 

1.4 

.03340 
.02947 

.02560 

.000536 
.000419 
.000318 

.03239 
.02869 
.02501 

1.2 
I.O 

0.8 

.02184 
.01807 

.01435 

.000232 
.000160 
.000102 

.02139 
.01776 
.01416 

1.2 
I.O 

0.8 

.02179 
.01803 
.01433 

.000231 
.000159 

.OOOIOI 

.02136 
.01774 
.01415 

0.6 
0.4 

+  .2 

.01069 
.00708 
.00352 

.000057 
.000025 
.000006 

.OIO58 
.00703 
.00350 

0.6 
0.4 

0.2 

.01068 
.00708 
.00352 

.000056 
.000024 
.000006 

.01058 
.00703 
.00350 

o.o 

0.4 

.00000 

.00347 
.00689 

.000000 
.000006 
.000024 

.00000 
.00348 
.00694 
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y  =  2.0 

^  —  2.1 

<P 

X 

Y 

T 

V 

X 

Y 

T 

0 

0 

8.6 

.27661 

.026059 

.  19960 

8.2 

.26354 

.023652 

.19018 

8.4 

.25962 

.023518 

.19182 

8.0 

.  24666 

.021250 

.18243 

8.2 

.24482 

.021358 

.18455 

7.8 

.23203 

.019219 

.17522 

8.0 

.23162 

.019478 

.17769 

7-6 

.21901 

.017459 

.16842 

7.8 

.21964 

.017816 

.17117 

7-4 

.  20724 

.015908 

.16195 

7-6 

.  20864 

.016328 

.  16491 

7-2 

.  19644 

.014525 

.15576 

7-4 

.19843 

.014985 

.15889 

7.0 

.18644 

.013279 

.14981 

7.2 

.18890 

.013763 

.15308 

6.8 

.17711 

.012149 

.14406 

7.0 

.17994 

.012646 

•  14744 

6.6 

.16834 

.011119 

.13849 

6.8 

.17146 

.011621 

.14196 

6.4 

.16005 

.010175 

.  13308 

6.6 

.16342 

.010676 

.  13663 

6.2 

.15220 

.009308 

•  .12781 

6.4 

.15575 

.009802 

.13142 

6.0 

.14471 

.008508 

.12267 

6.2 

•  14843 

.008993 

.12633 

5-8 

.13756 

.007769 

.11764 

6.0 

.  14140 

.008242 

•12135 

5-6 

.13071 

.007085 

.11273 

5-8 

.13465 

.007544 

.11647 

,  5>4 

.12412 

.006451 

.10791 

5-6 

.12815 

.006895 

.11168 

5-2 

.11778 

.005862 

.10319 

5-4 

.12187 

.006291 

.  10698 

5.o 

.11167 

.005316 

.09855 

5-2 

.11580 

.005727 

.  10236 

4.8 

.10575 

.004809 

.09399 

5-0 

.  10992 

.005203 

.09781 

4.6 

.10002 

.004338 

.08950 

4.8 

.  10422 

.004714 

•09333 

4.4 

.09447 

.003901 

.08508 

4.6 

.09868 

.004259 

.08692 

4-2 

.08908 

.003496 

.08073 

4-4 

.09329 

.003835 

.08457 

4.0 

.08383 

.003120 

.07645 

4.2 

.08805 

.003441 

.08028 

3.8 

.07873 

.002772 

.07222 

4.0 

.08294 

.003074 

.07605 

3-6 

.07376 

.002450 

.06804 

3-8 

.07796 

.002734 

.07187 

3-4 

.06891 

.002153 

.  06392 

3-6 

.07309 

.002420 

.06774 

3-2 

.06418 

.001880 

.05985 

3-4 

.06834 

.002129 

.06366 

3-0 

.05955 

.001630 

.05582 

3-2 

.06369 

.001861 

.05962 

2.8 

.05503 

.001400 

.05184 

3-0 

.05914 

.001615 

•05563 

2.6 

.05060 

.001192 

.04791 

2.8 

.05468 

.001389 

.05168 

2.4 

.04627 

.001003 

.04402 

2.6 

.05031 

.001183 

.04777 

2.2 

.04202 

.000832 

.04016 

2.4 

.04603 

.  000996 

.04390 

2.0 

.03785 

.000679 

.03635 

2.2 

.04182 

.000827 

.04007 

1.8 

•03377 

.000544 

.03257 

2.O 

.03770 

.000675 

.03627 

1.6 

.02976 

.000425 

.02883 

1.8 

.03364 

.000541 

.03251 

1.4 

.02582 

.000322 

.02512 

1.6 

.02966 

.000423 

.02878 

1.2 

.02194 

.000234 

.02144 

1.4 

.02575 

.000320 

.02508 

I.O 

.01814 

.000161 

.01779 

1.2 

.02189 

.000233 

.02141 

0.8 

.01440 

.000102 

.01418 

I.O 

.01811 

.000160 

.01778 

0.6 

.01071 

.000057 

.01059 

0.8 

.01438 

.000102 

.01417 

0.4 

.00709 

.000025 

.00703 

0.6 

.01071 

.000057 

.01059 

•M 

.00352 

.000006 

.00350 

0.4 

.00709 

.000025 

.00704 

o.o 

.00000 

.000000 

.00000 

+  .2 

.00352 

.000006 

.00351 

—  .2 

.00347 

.000006 

.00347 

o.o 

.00000 

.000000 

.00000 

0.4 

.00689 

.000024 

.00692 

.-.2 

.003.^ 

.000006 

.00348 

0.6 

.01026 

.000053 

.01035 

0.4 

.oo6ro 

.000024 

.00694 

0.8 

.01358 

.000094 

.01376 

0.6 

01(24 

.000053 

.01037 

I.O 

.01685 

.000145 

.01715 

0.8 

.01358 

.000094 

.01378 

1.2 

.02008 

.000207 

.02051 
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y  =  2.2 

7=2.3 

9 

X 

Y 

T 

y 

X 

Y 

T 

0 
8.0 

7-8 
7-6 

.26801 
.24848 
.23217 

.023841 
.021130 
.018925 

.18851 
.18019 
•17259 

0 

7-6 
7-4 

7.2 

.25022 

.23197 

.21660 

.  020996 
.018592 
.016622 

.17785 

.  16980 
.  16241 

7-4 
7.2 
7.0 

.21803 
.20544 
.19404 

.017062 
.015449 
.014029 

.16550 
.15882 
.15246 

7-o 
6.8 
6.6 

.20318 
.19120 
.18032 

.014950 
.013500 

.OI222I 

•15552 

.14900 
.14280 

6.8 
6.6 
6.4 

.18359 
.17390 
.  16486 

.012764 
.011626 
.010596 

.  14638 
.  14053 
•13487 

6.4 

6.2 

6.0 

.17031 

.16104 
.15236 

.OIIOSI 
.010057 
.009129 

.13685 
.13113 
.12559 

6.2 

6.0 

5-8 

.15637 
-.14834 

.  14073 

.009658 
.008800 
.008013 

.12940 
.  12407 
.11889 

5-8 
5-6 
5-4 

.14420 

.  13648 
.12916 

.008286 
.007516 
.OO68lO 

.12023 
.11501 

.  10993 

5-6 
5-4 

5-2 

.13348 
.12654 

.11990 

.007289 
.006622 
.006005 

."383 
.  10889 
.  10405 

5-2 

5-o 

4.8 

.12217 

.11550 

.10909 

.OO6l62 
.005566 
.OO5OI7 

.  10497 

.IOOI2 
.09538 

5-0 
4.8 
4.6 

.11352 
.10737 

.10144 

.005436 
.004909 
.004421 

.09932 
.09467 
.09010 

4.6 

4.4 
4.2 

.  10294 
.09701 
.09128 

.004511 
.004044 
.003613 

.09073 
.08616 
.08168 

4-4 
4.2 
4.0 

.09571 

.09016 

.08477 

.003970 
.003552 
.003166 

.08561 
.08120 
.07685 

4.0 
3-8 
3-6 

.08575 
.08038 
.07518 

.003216 
.OO285O 
.002514 

.07727 
.07294 
.06866 

3-8 
3-6 
3-4 

•07954 
.07446 
.06951 

.002810 
.002481 
.002178 

.07257 
.06835 
.06419 

3-4 
3-2 
3-0 

.07013 
.06521 
.06043 

.O02205 
.OOI92I 
.OOI662 

.06446 
.06031 
.O5622 

3-2 

3-0 

2.8 

.06469 

.05998 
.05539 

.001900 
.001645 
.001412 

.06008 
.05602 
.05201 

2.8 
2.6 

2.4 

.05576 

.05121 

.04677 

.001426 
.OOI2I2 
.OOIOlS 

.05218 
.04819 
.04424 

2.6 

2.4 

2.2 

.05090 
.04651 
.04222 

.OOI2OI 
.OOIOOg 

.000837 

.04805 
.04413 
.04026 

2.2 
2.0 

1.8 

.04243 
.03818 
.03402 

.000843 
.000687 
.000550 

.04035 
.03649 
.03268 

2.0 

1.8 
1.6 

.03802 

.03389 
.02985 

.000683 
.000546 
.OOO426 

.03642 
.03263 
.02887 

1.6 
1.4 

1.2 

.02995 
.02596 
.02205 

.000429 
.000324 
.000235 

.02891 
.02518 
.O2I49 

1.4 

1.  2 
I.O 

.02589 
.02200 
.01817 

.000322 
.OOO234 
.000161 

.02515 
.02146 
.01781 

I.O 

0.8 
0.6 

.01821 
.01444 
.01074 

.OOOI62 
.OOOIO2 
.OOOO57 

.OI782 
.01420 
.01060 

0.8 
0.6 
0.4 

.01442 
.01072 
.00709 

.OOOI02 
.000057 
.000025 

.01419 
.01060 
.00704 

0.4 

+  .2 
0.0 

.00710 
.00352 
.00000 

.OOOO25 
.000006 
.OOOOOO 

.00704 
.00351 
.OOOOO 

+  •2 

o.o 

—  .2 

.00352 
.00000 

.00347 

.000006 
.OOOOOO 
.000006 

.00351 
.00000 
.00348 

—  .2 
0.4 

0.6 

.00346 
.00687 
.01023 

.000006 
.000024 
.000053 

.00348 
.00693 
.OIO35 

0.4 

0.6 
0.8 

.00689 
.01026 

•01357 

.OOOO24 
.OOOO53 
.000094 

.00694 
.01037 
•01377 

0.8 

I.O 
1.2 

.01354 

.01680 
.02002 

.000094 
.000145 

•01375 
.OI7I2 
.O2O47 

I.O 
1.2 
1.4 

.01683 
.02005 
.02323 

.000145 
.000207 
.009280 

.01714 
.02049 
.02382 

1.4 

1.6 

1.8 

.02319 
.02632 
.02940 

.000359 
.000451 

.02380 
.O27II 
.03039 

r  =  2.4 

7  =  2.5 

9 

X 

Y 

T 

<p 

X 

Y 

T 

0 

7-4 
7.2 
7.0 

.25182 

.23130 
.21464 

.020836 
.018206 
.016130 

•17534 
.16682 

.15914 

0 

7.0 

6.8 
6.6 

.23004 
.21205 

.  19704 

.017756 

•015577 
.013813 

.16361 

.15563 
.14834 

6.8 
6.6 
6.4 

.20040 

.18786 
.17660 

.014406 
.012933 
.011649 

.15204 
•14538 
.13906 

6.4 

6.2 

6.0 

.18402 

.17243 
.16193 

.012329 
.011049 
.009927 

.14155 
.13515 

.  12907 

6.2 

6.0 

5-8 

.16632 

.15685 

.  14803 

.010514 
.009501 
.008590 

.  13304 
.12726 
.12168 

5-8. 
5-6 
5-4 

.15231 
.14340 
.13508 

.008933 
.008043 
.007241 

.12324 
.11764 

.11222 

5-6 
5-4 

5-2 

.13977 
.13198. 

.  12461 

.007765 
.007016 
.006332 

.11628 
.  i  i  104 
•10595 

5-2 

5-0 
4.8 

.12726 

.11987 
.11286 

•  .006516 
.005856 
.005255 

.  10697 
.10188 
.  09691 

5-0 
4.8 
4.6 

.11760 
.11091 

.10451 

.005706 
.005132 
.004606 

.  10098 
.09613 
.09139 

4.6 

4-4 
4.2 

.10618 
.  09980 
.  09369 

.004706 
.004204 
.003744 

.09207 
.08733 
.08270 

4-4 
4.2 
4.0 

.09836 

.09245 
.08675 

.004122 
.003677 
.003269 

.08674 
.08219 
.07772 

4.0 

3-8 
3-6 

.08781 
.08215 
.07669 

.003322 
.002937 
.002583 

.07816 
.07370 
.06933 

3-8 
3-6 
3-4 

.08125 
.07592 

.07076 

.002893 
.002549 
.002232 

•07332 
.06900 
.06475 

3-4 

3-2 

3-0 

.07141 
.06630 
.06134 

.002260 
.001965 
.001696 

.  06503 
.  06079 
.05663 

3-2 

3-0 

2.8 

.06574 

.06087 
.05614 

.001943 
.001680 
.001439 

.06056 

.05643 
.05236 

2.8 
2.6 

2.4 

.05652 
.05184 
.04728 

.001452 
.001232 
.001032 

.05252 
.04848 
.  04448 

2.6 

2.4 

2.2 

.05152 

.04702 
.04263 

.001222 
.001025 
.000849 

.04834 

.04437 
.04045 

2.2 
2.O 

1.8 

.04284 

.03851 
.03428 

.000854 
.000695 
.000555 

.04054 
.03665 
.03281 

2.0 

1.8 
1.6 

.03834 
.03415 

.03005 

.000692 
.000553 
.000431 

.03658 

•03275 
.02897 

1.6 

1.4 

1.2 

.03015 
.02611 
.02215 

.000432 
.000326 
.000237 

.O29OI 
.02525 
.02154 

1.4 

1.2 
1.0 

.02603 

.02210 
.OI824 

.000325 
.  000236 
.000162 

.02522 
.02152 
.01785 

I.O 

0.8 
0.6 

.01828 
.01448 
.01076 

.000162 
.000102 
.000057 

.01786 
.OI422 
.OIO62 

0.8 
0.6 
0.4 

.01446 
.01075 
.00710 

.  OOOIO2 
.000057 
.OOOO25 

.01421 
.01061 
.00704 

0.4 

+  •2 
O.O 

.00711 
.00352 

.OOOOO 

.000025 
.000006 

.OOOOOO 

.O07O4 
.00351 
.OOOOO 

-M 

o.o 

.00352 
.OOOOO 
.00346 

.  OOOOO6 
.OOOOOO 
.000006 

.00351 
.00000 
.00348 

—  .2 

0.4 

0.6 

.00346 
.00686 

.OI02I 

.000006 
.000024 
.000053 

.00348 
.00692 
.01034 

0.4. 

0.6 
o.S 

.00687 
.OIO22 
.OI352 

.000024 
.000053 
.000094 

.  00693 
.01035 
.01374 

0.8 

I.O 
1.2 

.01350 
.01675 
.01995 

.000093 
.000144 
.000205 

.01373 

.01710 
.02044 

1.0 

1.2 
1.4 

.01677 
.01998 
.02314 

.000145 
.O00206 
.000277 

.01711 
.02045 
.02377 

1.4 

1.6 
1.8 

.O23IO 
.O262O 
.02925 

.000276 
.000357 
.000448 

.02376 
.02705 
.03031 

1.6 

1.8 

2.O 

.O2626 
.02933 
.03235 

.O00358 
.000449 
.000551 

.02707 
•03035 
.03360 

2.0 
2.2 
2-4 

.03225 
.03521 
.03814 

.000548 
.000657 

.000775 

.03355 
.03677 
.03997 
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Y  =  2.6 

Y-  2-7 

<P 

X 

Y 

T 

9 

X 

Y 

T 

0 
6.6 
6.4 
6.2 

.  20876 

.  19307 
.17964 

.014962 

.013173 

.011690 

.15189 
.14445 
•13756 

o 

6.4 

6.2 

6.0 

.  20465 
.18842 
•  17470 

.014281 
.012488 

.011021 

•  14792 
•'4035 
.13339 

6.0 

5-8 
5-6 

.16780 
.15716 
.  14744 

.010425 

.009324 

.008355 

.13110 
.12497 
.11912 

5-8 
5-6 

5-4 

.16271 

.15199 
.14224 

.009782 
.008711 
.007773 

.12689 
.12074 
.11488 

5-4 

5-2 

5-0 

.13848 
.13014 

.12232 

.007491 

.006717 
.006019 

•11350 

.  10808 
.  10283 

5-2 

5-0 

4.8 

.13328 
.12496 
.11718 

.006941 
.006198 
•005531 

.10927 
.10386 
.09862 

4.8 
4.6 
4-4 

.11494 

.  10796 
.10132 

.005387 

.004813 
.004290 

•09774 
•09279 
.08796 

4.6 
4-4 

4-2 

.  10985 

.  10293 

•09635 

.  004929 
.004383 
.003889 

•09355 
.08862 
.08381 

4-2 
4.0 
3-8 

.09499 
.08892 
.08309 

.003814 

•003379 

.002982 

.08324 
.07863 
.07411 

4.0 

3-8 
3-6 

.09007 
.08407 

.07832 

•003439 
.003030 
.002657 

.07912 

.07453 
.07004 

3-6 
3-4 
3-2 

.07749 

.07209 
.06687 

.002620 
.002289 
.001988 

.06968 
•06533 
.06105 

3-4 

3-2 

3-0 

.07278 

•06745 

.06230 

.002319 
.002011 
.OOI732 

.06564 
.06132 
.05707 

3-0 
2.8 
2.6 

.06182 
.05692 

.05217 

.001714 
.001466 
.001242 

.05685 
.05271 
.04863 

2.8 
2.6 

2.4 

.05732 

.05250 
.04782 

.OOI480 
.001253 
.001048 

.05290 
.04879 
.04474 

2.4 

2.2 
2.O 

.04756 

.04306 
.03869 

.001040 
.000860 
.000699 

.  04461 
.04065 
.03674 

2.2 
2.O 

1.8 

.04327 
.03885 
.03455 

.O00866 
.000704 
.000561 

.04075 
.03682 
.03294 

1.8 
1.6 
1.4 

.03442 

.03026 
.02619 

.000558 
.000434 
.000328 

.03288 
.02906 
.02529 

1.6 
1-4 

1.2 

.03035 

.02626 
.02226 

.000436 
.000329 
.000238 

.02911 
•02533 
.02159 

1.2 
I.O 

0.8 

.02221 
.01832 

.01451 

.000237 
.000163 
.000103 

.02156 

.01788 
.01423 

I.O 

0.8 
0.6 

.01835 
.01453 

.01078 

.000163 
.OOOIO3 
.000057 

.01790 
.01424 
.01063 

0.6 
0.4 

+  .2 

.01077 

.00711 
.00352 

.000057 
.000025 
.000006 

.01062 
.00705 
.00351 

0.4 

+  -2 
O.O 

.00712 
.00352 
.00000 

.000025 
.000006 
.OOOOOO 

.00705 
.00351 
.00000 

O.O 
—  .2 

0.4 

.00000 

.00346 
.00686 

.000000 
.000006 
.oooo»4 

.00000 
.00348 
.00692 

—  .2 
0.4 

0.6 

.00346 
.00686 
.01019 

.000006 
.OOOO24 
.000053 

.00348 
.00692 
.01033 

<x6 
0.8 

I.O 

.01020 

.01349 

.01672 

.000053 
.000093 
.000144 

.01034 
.01372 
.01708 

0.8 

I.O 
1.2 

•01347 

.01669 
.01986 

.000093 
.000144 
.OCO2O4 

.01371 
.01707 
.02040 

1.2 

1.4 

1.6 

.01990 
.02303 
.02612 

.000205 
.000276 
.000357 

.02042 
•02373 
.02701 

1.4 

1.6 

1.8 

.02298 
.02606 
.02909 

.000274 
.000354 
.000444 

.02370 
.  02698 
.03023 

1.8 

2.O 
2.2 

.02916 
.03216 
.03512 

.000447 
.000547 
.000656 

.03027 
•03350 
.03671 

2.O 

2.2 
2.4 

.03207 
.03501 

.03791 

.000544 
.O00652 
.000769 

•03345 
.03665 

.03983 

2.4 
2.6 

2.8 

.03804 
.04092 

.04376 

•000773 
.000898 
.001031 

.03990 
.04307 
.04622 

2.6 

2.8 

3.0 

.04077 

•04359 
.04636 

.000894 
.001027 
.OOII67 

.04299 
.04614 
.04927 

26 


y=  2.8 

r=2.9 

9 

X 

Y 

T 

f 

X 

Y 

T 

0 
6.2 

6.0 

5-8 

.  19970 

.18312 
.  16925 

•013534 
.011761 
.010328 

.  14368 
.  13603 
.12903 

0 

6.0 

5-8 
5-6 

.19388 
.17717 
.  16330 

.012730 

.OIIO02 
.009618 

•13921 
•13154 
•12455 

5-6 
5-4 
5-2 

.15721 
.  14649 
.13678 

.009125 
.008092 
.007191 

.12252 
.11637 
•11053 

5-4 

5-2 

5-o 

•15131 

.14067 

•13105 

.008463 

.007475 

.006616 

.11805 
.11193 
.10611 

5-0 
4.8 
4.6 

.12786 
.11961 
.11190 

.006395 
.005687 
.005053 

•  10493 
.09954 
•09433 

4-8 
4.6 
4-4 

.12223 

.11408 
.  10647 

.005861 
.005190 

.004591 

.  10054 
.09519 
.09002 

4.4 
4.2 
4.0 

•  10465 
.09780 
.09130 

.004483 
.003968 
.003502 

.08929 
.08439 
.07961 

4-2 

4.0 

3-8 

•09933 
.09258 
.08618 

.004054 
.003570 
.003134 

.08501 
.08015 
.07541 

3-8 
3-6 
3-4 

.08511 

.07919 
•07352 

.003080 
.002697 
.002350 

•07495 
.07040 
.06594 

3-6 
3-4 

.  08009 

.07427 

.06870 

.002739 
.002383 
.002062 

.07079 
.06628 
.06186 

3-2 
3-0 

2.8 

.06807 
.06282 

•05775 

.002036 
.001751 
.001495 

.06157 
.05728 
•05307 

3-0 
2.8 
2.6 

.06334 
.05818 
.05320 

.001772 
.001510 
.001275 

•05753 
.05328 
.04910 

2.6 

2.4 

2.2 

.05285 

.04811 

•04350 

.001264 
.001056 
.000872 

.04893 
.04486 
.04085 

2.4 

2.2 
2.0 

.04839 
•04373 

.03921 

.001065 
.000878 
.000712 

.04500 
.04096 
.  03699 

2.O 

1.8 
1.6 

.03903 

.03469 

.03046 

.000708 
.000564 
.  000438 

.03689 
.03300 
.02915 

r.8 
1.6 
1.4 

.03483 

.03056 
.02641 

.000566 
.000440 
.000331 

.03307 
.02921 
.02540 

1-4. 

1.2 
I.O 

.02634 
.02232 
.01839 

.000330 
.000238 
.000163 

.02536 
.02161 
.01791 

1.2 
I.O 

0.8 

.02237 
.01842 

•01457 

.000239 
.000164 
.000103 

.02165 

•01793 
.01427 

0.8 
0.6 
0.4 

.01455 

.01080 
.00712 

.000103 
.000057 
.000025 

.01425 
.01063 
.00705 

0.6 
0.4 

-J-.2 

.01081 
.00713 

•00353 

.000057 
.000025 
.000006 

.01064 
.00706 
•00351 

4-.  2 

O.O 

—  .2 

.00353 

.00000 
.00346 

.000006 

.000000 

.000006 

.00351 
.00000 
•00347 

O.O 
—  .2 
0.4 

.00000 

.00346 

.00685 

.000000 
.000006 
.000024 

.00000 
.00347 
.00691 

0.4 
0.6 
0.8 

.00685 
.01018 

.01345 

.000024 
.000053 
.000093 

.00692 
.01033 
.01371 

0.6 
0.8 

I.O 

.01017 

•01343 

.01664 

.000052 
.000092 
.000143 

.01032 
.01369 
.01704 

I.O 
1.2 

1.4 

.01667 
.01983 
.02294 

.000143 
.000203 
.000273 

.01706 
.02038 
.02368 

1.2 

1.4 

1.6 

.01979 

.02289 

.02594 

.000203 

.000273 
.000353 

.02036 
.02364 
.02691 

1.6 

1.8 

2.0 

.02600 
.02901 

.03197 

.000353 
.000443 
.000542 

.02695 
.03019 
•03341 

1.8 

2.O 
2.2 

.02893 
.03188 
•03479 

.000442 
.000540 
.000646 

.03014 

•03335 
.03654 

2.2 
2.4 
2.6 

.03489 
.03777 

.04061 

.000649 
.000765 
.000889 

.03661 
.03978 
.04293 

2.4 
2.6 

2.8 

.03766 
.04048 
.04326 

.000760 

.000883 
.001015 

.03970 
.04284 
.04596 

2.8 

3.c 
3-2 

.04342 

.04618 
.  04890 

.OOIO2I 
.OOIIbl 
.OOI308 

.04606 
.04917 
.05226 

3.0 

3-2 

3-4 

.04600 
.04871 

.05138 

.001155 
.001303 
.001458 

.04906 
.05214 
.05520 
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r 

=  3-0 

y  = 

3-i 

<p 

X 

Y 

T 

9 

X 

Y 

T 

0 

5-6 

5-4 
5-2 

.17062 
.15690 
.14506 

.010218 
.008897 
.007798 

.12684 
.11989 

•"344 

0 

5-6 

5-4 

5-2 

.17983 
.16358 

.15014 

.010990 
.009425 
.008177 

•12957 

.12201 
.H5I3 

5-0 
4.8 
4-6 

.13457 
.12510 
.11644 

.006862 
.006050 
•005337 

.  10736 
.10159 
.09608 

5-0 

4.8 
4.6 

•13855 
.12829 
.11901 

.007143 
.006262 
.005499 

.10875 
.  10274 
.09703 

4.4 
4.2 
4.0 

.  10842 
.10094 
.09393 

.004706 
.004144 
.003641 

.09077 
.08565 
.08068 

4-4 
4-2 
4.0 

.11053 
.  10268 
.09536 

.004831 
.004241 
.003716 

.09157 
.08632 
.08126 

3-8 
3-6 
3-4 

.08731 
.08103 
.07505 

.003189 
.002783 
.002417 

.07586 
.07117 
.06660 

3-8 
3-6 
3-4 

.08849 
.08201 
•07587 

.003248 
.002829 
.002453 

.07635 
.07158 
.06694 

3-2 
3-0 

2.8 

.06934 
.06387 
.05861 

.002088 
.001791 
.001525 

.06212 
•05775 
•05346 

3-2 

3-0 

2.8 

.07001 
.06442 
.05907 

.002115 
.001812 
.001541 

.06241 

•05799 
.05366 

2.6 

2.4 

2.2 

.05355 
.04867 
.04396 

.001287 
.001074 
.000884 

•04925 
.04512 
.04106 

2.6 

2.4 

2.2 

.05393 
.04897 
.04420 

.001298 
.001082 
.000890 

.04942 
.04526 
.04117 

2.0 

.8 
.6 

.03939 
.03497 
.03067 

.000717 
.000570 
.000442 

.03707 

.03313 
.02926 

2.0 

1.8 
1.6 

•03958 
•03511 
.03078 

.000721 
•000573 
.000444 

.03715 
.0332O 
.02931 

•4 

.2 
.O 

.02649 
.02242 
.01846 

.000332 
.000240 
.000164 

•02543 
.02167 

.01795 

1.4 

1.2 
1.0 

.02657 
.02248 
.01850 

.000334 
.000241 
.000165 

.02548 
.O2I7O 
.01797 

0.8 
0.6 
0.4 

.01459 
.01082 
.00713 

.000103 
.000057 
.000025 

.01427 
.01064 
.00706 

0.8 
0.6 
0.4 

.01462 
.01083 
.00714 

.000104 
.000057 
.000025 

.OI429 
.01065 
.OO7O6 

+  .2 

o.o 

—  .2 

.00353 
.00000 
.00346 

.000006 
.000000 
.000006 

•00351 

.00000 

.00347 

+  •2 
O.O 

____  o 

•00353 
.00000 
.00345 

.000006 
.000000 
.000006 

.00351 
.00000 
.00347 

0.4 
0.6 
0.8 

.00684 
.01016 
.01342 

.000024 
.000053 
.000092 

.00691 
.01032 
.01369 

0.4 

0.6 

0.8 

.00684 
.01015 
.01340 

.000024 
.000052 
.000092 

.00691 
.OIO3I 
.01368 

.0 
.2 

•  4 

.01662 
.01976 
.02284 

.000142 
.000203 
.000273 

.01703 

.02034 
.02363 

I.O 
1.2 
1.4 

.01659 
.01972 
.02279 

.000142 
.000202 
.000272 

.01701 
.O2032 
.02360 

.6 
.8 
o.o 

.02587 
.02886 
.03179 

.000352 
.000441 
.000538 

.02688 
.03011 
.03331 

1.6 
1.8 

2.O 

.02581 
.02878 
.03171 

.000351 
•000439 
.000536 

.02684 
.03006 
.03326 

2.2 
2.4 
2.6 

.03468 

•03753 
.04034 

.000646 
.000761 
.000883 

.03649 
.03964 
.04277 

2.2 
2.4 
2.6 

.03458 
•03741 
.04019 

.000641 
.000755 
.000876 

•03643 
•03957 
.04270 

2.8 

3.0 

3-2 

.04310 
.04582 
.04850 

.OOIOI2 
.OOII49 
.001295 

.04588 
.04897 

.05204 

2.8 

3.0 
3.2 

.04294 
.04564 
.04830 

.001006 
.001143 
.001288 

•04579 
.04887 

•05193 

3.4 

3-6 
3-8 

.05115 
.05377 
05635 

.001448 
.001608 
.001775 

.05509 

.05812 

.06113 

3-4 
3-6 

3-8 

.  .05093 
•05353 
.05609 

.001440 
.001599 
.001764 

•05497 
•05799 
.06098 
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7  =  3-2 

7  =  3.3 

<P 

X 

Y 

T 

9 

X 

Y 

T 

0 

5-2 

5.0 

4.8 

.15612 

.  14309 
.13183 

.008631 
.007467 
.006502 

.11704 

.11027 
.10398 

0 

5.2 
5.0 

4.8 

.16339 
.  14836 
.13583 

.009192 
.007850 
.006775 

.11926 

.III9Q 

•10535 

4.6 
4-4 

4-2 

.12184 
.11281 
.  10454 

.005680 
.004969 
.004347 

.09805 
.09242 
.08703 

4.6 

4.4 
4.2 

.12496 

.11529 
.10653 

.005880 
.005119 
.004460 

.09917 

.09334 

.08780 

4.0 
3-8 
3-6 

.09689 

.08975 

.08304 

.003798 
.003311 

.002878 

.08185 
.07685 

.07200 

4.0 
3-8 
3-6 

.09850 
.09107 
.08412 

.003885 
.003377 
.002928 

.08249 

.07738 
.07245 

3-4 
3-2 
3-0 

.07671 
.07071 

.06400 

.002490 
.002144 
.001835 

.06729 
.06271 

.05824 

3-4 
3-2 
3-0 

.07760 

•07143 
•06559 

.002529 
.002174 
.001857 

.06766 
.06301 

.05849 

2.8 
2.6 

2.4 

.05954 
.05431 

.04928  ' 

.001558 
.001311 
.001092 

•05387 
•04959 
.04539 

2.8 
2.6 

2.4 

.06002 

.05469 
,  .04959 

•001575 
.001323 

.001  101 

.05407 
.04976 
.04553 

2.2 
2.0 

1.8 

.04444 
.03977 

.03526 

.000897 
.000726 
.000576 

.04128 

.03724 
.03327 

2.2 
2.0 

1.8 

.04468 
.03996 

.03540 

.  000904 
.000730 
.000579 

.04139 

•03733 
•03334 

1.6 
1.4 

1.2 

.03089 
.02665 
.02253 

.000446 
.000335 
.  000242 

.02936 
.02551 

.02172 

1.6 
1.4 

1.2 

.03100 
.02673 
.02259 

.000448 
.000336 
.000243 

.02941 

•02555 
.02175 

I.O 

0.8 
0.6 

.01853 

.01464 
.01085 

.000165 
.000104 
.000058 

.01799 
.01430 

.01066 

I.O 

0.8 
0.6 

.01857 

.01466 
.01086 

.000165 
.000104 
.000057 

.01800 

.01431 

.  01066 

0.4 

•J-.2 

o.o 

.00714 

•00353 

.00000 

.000025 
.000006 

.000000 

.00706 
.00351 
.00000 

0.4 
o.o 

.00715 

.00353 

.00000 

.000025 
.000006 

.000000 

.00706 
.00351 

.00000 

—  .2 
0.4 

0.6 

.00345 

.00683 
.01014 

.000006 
.000024 
.000053 

.00347 

.00691 
.01030 

—  .2 

0.4 

0.6 

.00345 

.00683 
.01013 

.000006 
.000024 
.000052 

.00347 

.00690 
.01030 

0.8 

I.O 
1.2 

.01338 
.01656 
.01968 

.000092 
.000142 
.000202 

.01367 
.01700 
.  02030 

0.8 

I.O 
1.2 

.01337 

.01654 
.01965 

.000092 
.000142 
.000201 

.01366 
.01698 
.02028 

1.4 
1.6 
1.8 

.02275 

•02575 

.02871 

.000272 
.000350 
.000438 

•02357 
.02681 

.03003 

1.4 

1.6 

1.8 

.02270 
.02569 
.02864 

.000271 

.000349 

.000436 

.02354 
.02678 

.02999 

2.0 

2.2 
2.4 

.03162 

•03447 
.03729 

.000535 

.000639 

.000752 

.03321 
.03637 
•03951 

2.O 
2.2 
2-4 

•03153 
•03437 
.03717 

.000532 
.000636 
.000749 

.03317 

.03632 

.03945 

2.6 

2.8 

3.0 

.04006 
.04278 

•04547 

.000873 

.OOIOOI 

.001137 

.04262 

•04571 

.04878 

2.6 

2.8 

3-0 

.03992 
.04263 
•04530 

.000869 
.000997 
.001132 

.04255 
.04563 

.04869 

3.2 

3-4 
3-6 

.04812 

•05073 
•05331 

.001280 
.001430 
.001587 

.05183 

.05486 
.05786 

3-2 

3-4 
3-6 

•04793 

.05052 

.05308 

.001274 
.001423 

.001579 

•05173 
•05474 
•05773 

3-8 
4.0 
4-2 

.05585 
•05835 

.06082 

.001752 
.001924 
.002102 

.06084 
.06380 
.06675 

3-8 
4.0 

4-2 

.05560 
.05808 
.06053 

.001742 
.001912 
.002088 

.06070 
.06365 
.06658 
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Y-  3-4 

Y=  3-5 

f 

X 

Y 

T 

9 

X 

Y 

T 

u 
5-0 
4-8 
4-6 

.15467 

.  14042 

.12845 

.008315 
.007093 
.006108 

.11392 
.10685 

.10036 

0 

4.8 
4.6 
4-4 

.14583 
.13241 

.I2IO2 

.007473 

.006369 

•005473 

10854 
.10167 
•09535 

4-4 
4.2 
4.0 

.  .11801 
.  10869 
.10023 

.005286 
.004585 
.003979 

.09430 

.08859  • 
.08314 

4.2 
4.0 

3-8 

.IIIO4 
.IO2  10 
•09395 

.004722 
.004080 

.003525 

.08943 
.08383 
.07849 

3-8 
3-6 
3-4 

.09246 

.08525 
.07852 

.003449 
.002983 
.002570 

.07792 

.07289 
.06803 

3-6 
3-4 
3-2 

.08646 

•07949 
.07297 

.003040 
.002614 
.002238 

.07336 
.06842 
.06364 

3-2 

3-0 

2.8 

.07218 
.06619 
.06051 

.002205 
.001881 
.001592 

.06332 

.05875 
.05428 

3-0 
2.8 
2.6 

.06683 
.06102 
.05550 

.001905 
.001611 
.001350 

.05901 
.05450 
.05010 

2.6 

2.4 

2.2 

.05508 

.04990 
.04493 

.001337 

.001  no 
.000910 

.04993 

.04567 
.04150 

2.4 

2.2 

2.O 

.05023 
.04519 
.04036 

.OOII2O 
.000918 
.600740 

.04581 
.04161 
•03750 

2.O 

1.8 
1.6 

.04015 
.03555 

.03111 

.000735 

.000582 
.000451 

.03742 
.03340 

.02946 

1.8 
1.6 
1.4 

.03571 
.03122 
.02689 

.000586 

.000453 
.000340 

•03347 
.02952 
.  .02563 

1.4 

1.2 
I.O 

.02681 
.02265 
.01861 

.000338 
.000244 
.000166 

.02559 
.02178 
.01802 

1.2 

I.O 

0.8 

.O227O 
.01865 
.01471 

.000244 
.000166 
.000105 

.02180 
.01804 
•01433 

0.8 
0.6 
0.4 

.01468 
.01087 

.00715 

.000104 
.000058 
.000025 

.01432 
.01067 
.00707 

0.6 

0.4 

+  •2 

.01088 
.00716 
•00354 

.000058 
.000025 
.000006 

.01067 
.00707 
•00351 

+  •2 
0.0 
—  .2 

.00353 

.00000 

.00345 

.000006 

.000000 

.000006 

.00351 

.00000 

.00347 

o.o 

—  .2 
0.4 

.OOOOO 
•00345 
.00682 

.000000 

.000006 
.000024 

.00000 
.00347 
.00690 

0.4 
0.6 
0.8 

.00682 

.OIOI2 
•01335 

.000024 
.000052 
.000092 

.00690 
.01029 

.01365 

0.6 

0.8 

I.O 

.OIOII 

.01333 

.01649 

.000052 
.000092 
.000141 

.01029 
.01365 
.01696 

I.O 
1.2 

1.4 

.01651 
.01961 
.O2265 

.000141 
.000201 
.000271 

.01697 
.02026 
.02352 

1.2 
1.4 
1.6 

.01958 
.02260 

.02558 

.000201 
.000269 
.000347 

.02025 
.02350 
.02672 

1.6 
1.8 

2.0 

.02563 
.02856 
.03144 

.000349 
.000436 

.000531 

•02675 
.02995 
.03312 

1.8 

2.0 
2.2 

.02849 

•03135 
.03417 

.000434 
.000529 
.000632 

.02991 

•03307 
.03621 

2.2 

2.4 

2.6 

.03427 

.03705 
.03978 

.000635 
.000747 

.000866 

.03626 

.03938 
.04247 

2.4 
2.6 

2.8 

.03693 

.03965 
.04233 

.000743 
.000861 
.000988 

.03932 
.  04240 
.04546 

2.8 
3-0 
3-2 

.04248 

.04513 
.04774 

.000993 
.001127 
.001268 

.04554 
.04859 

.05161 

3.0 

3-2 

3-4 

.04496 

.04756 

.05012 

.OOII2I 
.OOI26I 
.OOI4O8 

.04850 

.05151 
.05450 

3-4 
3-6 
3.8 

.05031 
.05285 
•05535 

.001416 

.001571 

.001733 

.05461 
.05759 

.06055 

3-6 
3-8 
4.0 

.05264 
.05511 

.05755 

.OOI562 
.OOI723 
.OOlSgO 

•05747 
.06042 
.06335 

4.0 
4-2 
4.4 

.05781 
.06024 
.06264 

.001901 
.002075 
.002255 

.06349 

.06641 
.06931 

4.2 
4.4 
4.6 

.05996 

.06234 
.06469 

.002063 
.OO2242 
.OO2427 

.06626 
.06915 
.07202 
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r  =  3-<5 

7  =  3-7 

P 

X 

Y 

T 

<p 

X 

Y 

T 

0 
4.6 

4-4 
4.2 

.13697 
.12439 

.11361 

.006674 
.005683 
.004872 

.10314 

.09650 

•09035 

0 
4.6 

4.4 
4.2 

.14235 

.12820 

.11645 

.007040 
.005925 
.005041 

.  10480 

.09775 
•09133 

4.0 
3.8 
3-6 

.  10410 

.09554 
.08772 

.004190 
.003606 
.003101 

.08457 
.07909 
.07386 

4.0 

3-8 
3-6 

.10627 

.09723 

.08906 

.004311 
.003695 
.003166 

.08536 
.07973 
.07437 

3-4 

3-2 

3-0 

.08050 

.07378 

.06748 

.002659 
.002272 
.001931 

.06883 
.06398 
.05928 

3-4 
3-2 
3-o 

.08157 
.07463 
.06816 

.002708 
.002308 
.001957 

.06925 
.06432 

.05956 

2.8 
2.6 

2.4 

.06154 

•05592 

.05056 

.001630 
.001364 
.001130 

.05472 
.05029 
.04596 

2.8 
2.6 

2.4 

.06208 

•05635 

.05090 

.001649 
.001378 
.001140 

.05495 
.05047 

.04611 

2.2 
2.0 

1.8 

•04545 

.04056 
.03586 

.000925 
.000745 
.000590 

•04173 

.03760 

•03354 

2.2 

2.0 
1.8 

•04572 

.  04076 
.03602 

.000932 
.000750 
.000593 

.04185 
.03769 
.03362 

1.6 
1.4 

1.2 

.03134 

.02698 
.02276 

.000455 

.000341 
.000245 

.02957 

.02567 
.02183 

1.6 
1.4 

1.2 

•03145 

.02706 
.02282 

.000457 
.000342 
.000246 

.02962 

.02571 
.02186 

1.0 

0.8 
0.6 

.01868 
•01473 

.01089 

.000167 
.000105 
.000058 

.01806 

•01434 

.01068 

I.O 

0.8 
0.6 

.01872 
.01476 
.01091 

.000167 
.000105 
.000058 

.01808 
•01435 

.01069 

_£'4 

+  .2 
0.0 

.00716 

•00354 

.00000 

.000025 
.000006 
.oooooot 

.00707 
.00351 
.00000 

0.4 

+  •2 
0.0 

.00717 

•00354 

.00000 

.000025 
.000006 
.000000 

.00708 
.00351 

.00000 

—  .2 
0.4 

0.6 

•00345 
.00681 

.OIOIO 

.000606 
.  000024 
.000052 

.00347 

.00690 
.01028 

0.4 

0.6 

•00345 

.00681 
.01009 

.000006 
.000024 
.000052 

.00347 

.00690 
.01028 

0.8 
i.o 

1.2 

.01332 
.01646 

.01954 

.000092 
.000141 
.000200 

.01363 
.01695 
.02023 

0.8 

I.O 
1.2 

.01330 

.01644 

.01951 

.000091 
.000140 
.000199 

.01363 
.01694 
.02021 

1.4 
1.6 

1.8 

.02256 
.02552 
.02842 

.000269 
.000346 
.000432 

.02347 

.  02669 
.02987 

i-4 
1.6 

1.8 

.02252 
.02546 
.02835 

.000268 
.000345 
.000431 

.02346 
.02666 
.02984 

2.0 
2.2 
2.4 

.03127 
.03407 

.03682 

.000527 
.000629 
.000740 

.03303 
.03615 

•03925 

2.0 
2.2 

2.4 

.03119 

•03397 

.03670 

.000525 
.000627 
.000737 

.03299 
.03611 
.03920 

2.6 

2.8 

3.o 

•03952 

.04218 

.04479 

.009858 
.000983 
.001116 

•04233 
.04538 

.04840 

2.6 

2.8 

3-o 

•03939 

.  04203 

.04463 

.000854 
.000978 

.OOIIIO 

.04226 

•04530 
.04832 

3-2 

3-4 

3-6 

•04737 
.04991 
.05241 

.001255 
.001401 

.001554 

.05140 

.05438 
•05734 

3-2 

3-4 
3-6 

.04719 
.04971 

.05219 

.001249 
.001394 
.001546 

•05131 

.05428 

.05723 

3.8 
4-0 

4-2 

•05487 
.05729 
.05968 

.001713 
.001878 
.002049 

.06028 
.  06320 
.06610 

3-8 
4.0 
4.2 

.05463 

•05704 
.05941 

.001704 

.001868 

,002038 

.06016 
.06306 

.06594 

4-4 
4-6 
4.8 

.06204 

.06437 

.06667 

.002226 
.002409 
.002598 

.06898 
.07184 
.07468 

4-4 
4.6 

4.8 

.06175 

.06406 

.06634 

.002214 
.002396 
.002583 

.06881 
.07166 

.07449 
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Y 

-3-8 

Y- 

3-9 

f 

\  X 

Y 

T 

f 

X 

Y 

T 

0 

0 

4.4 

.13261 

.006209 

.09915 

4.4 

•13783 

.006551 

.10072 

4.2 

.11962 

.005231 

.09240 

4.2 

.12321 

.005449 

•09357 

4-o 

.  10864 

.004444 

.08619 

4.0 

.11126 

.004592 

.08709 

3-8 

.09905 

.003790 

.08039 

3-8 

.  IOI02 

.003894 

.08110 

3-6 

.09048 

.003235 

.07491 

3-6 

.09199 

.003310 

.07548 

3-4 

.08268 

.002758 

.06969 

3-4 

.08387 

.002813 

.07014 

3-2 

.07552 

.002345 

.06468 

3-2 

.07645 

.002385 

.06504 

3-0 

.06886 

.001984 

•05985 

3-0 

.06960 

.002013 

.06015 

2.8 

.06264 

.001669 

•05519 

2.8 

.06322 

.001690 

.05542 

2.6 

.05679 

.001393 

.05066 

2.6 

•05724 

.001408 

.05085 

2.4 

.05125 

.001151 

.04626 

2.4 

.05160 

.001162 

.04641 

2.2 

.04599 

.000939 

.04197 

2.2 

.  04626 

.000947 

.04209 

2.O 

.04097 

.000755 

.03778 

2.0 

.04118 

.000761 

.03788 

1.8 

.03617 

.000596 

.03369 

1.8 

•03633 

.000600 

•03376 

1.6 

.03157 

.000460 

.02968 

1.6 

.03169 

.000462 

•02973 

1-4 

.02714 

.000344 

.02574 

1.4 

.02723 

.000345 

.02579 

1.2 

.02288 

.000247 

.02189 

1.2 

.O22Q4 

.000248 

.02191 

1.0 

.01876 

.000168 

.01809 

1.0 

.01880 

.000168 

.01811 

0.8 

.01478 

.000105 

.01436 

0.8 

.01480 

.000105 

.01438 

0.6 

.01092 

.000058 

.01069 

0.6 

.01093 

.000058 

.01070 

0.4 

.00718 

.000025 

.00708 

0.4 

.OO7I8 

.000025 

.00708 

-M 

-00354 

.000006 

.00351 

+  •2 

•00354 

.000006 

.00352 

0.0 

.00000 

.000000 

.00000 

0.0 

.00000 

.000000 

.00000 

—  .2 

•00345 

.000006 

.00347 

—  .2 

.00344 

.000006 

•00347 

0.4 

.00681 

.000024 

.00689 

0.4 

.OO680 

.000024 

.00689 

0.6 

.01008 

.000052 

.01028 

0.6 

.OIOO7 

.000052 

.01027 

0.8 

.01329 

.000092 

.01362 

0.8 

.01327 

.000091 

.01361 

.0 

.01641 

.000141 

.01693 

I.O 

.01639 

.000140 

.01691 

.2 

.01948 

.000199 

.02020 

1.2 

.01944 

.000198 

.02017 

•  4 

.02247 

.000267 

•02343 

1.4 

.O2242 

.000266 

.02340 

.6 

.02541 

.000344 

.02663 

1.6 

•02535 

.000342 

.  02660 

.8 

.02828 

.000430 

.02980 

1.8 

.O282I 

.000427 

.02976 

2.0 

.03111 

.000523 

.03294 

2.0 

.O3IO2 

.000521 

.03289 

2.2 

.03388 

.000625 

.03605 

2.2 

•03377 

.000622 

.03600 

2.4 

.03660 

.000734 

•03913 

2.4 

.03648 

.000730 

.03907 

2.6 

.03927 

.000850 

.04219 

2.6 

•03913 

.000846 

.04212 

2.8 

.04189 

.000974 

.04522 

2.8 

•04I7« 

.000969 

.04514 

3.0 

.04448 

.001105 

.04823 

3-0 

•04431 

.001099 

.04814 

3.2 

.04702 

.001242 

.05121 

3-2 

.04683 

•001235 

.05111 

3.4 

.04952 

.001386 

•05417 

3-4 

.04931 

.001378 

.05406 

3-6 

.05198 

•001537 

.05711 

3-6 

.05176 

.001528 

.05699 

3-8 

.05440 

.001694 

.06002 

3-8 

•05417 

.001684 

.05989 

4.0 

.05678 

.001857 

.06291 

4.0 

.05654 

.001846 

.06277 

4.2 

.05913 

.002026 

•06578 

4.2 

.05888 

.002014 

.06563 

4-4 

.06145 

.  .002200 

.06864 

4.4 

.06ll8 

.002187 

.06847 

4.6 

.06374 

.002380 

.07148 

4.6 

•06345 

.002366 

.07130 

4-8 

.06600 

.002566 

.07430 

4.8 

.06569 

.002550 

.07411 

5.0 

.06824 

.002757 

.07710 

5-o 

.06790 

.002739 

.07690 

Y  =  4-0 

y  —  4.1 

P 

X 

Y 

T 

9 

X 

Y 

T 

0 

4.2 
4.0 

3-8 

.12735 
.11417 
.10317 

.005704 
.004759 
.004008 

.09487 
.08807 
.08186 

0 

4.2 
4.0 

3-8 

-  13224 
.11746 
.10552 

.006010 
•004949 
.004135 

.09634 
.08914 
.08268 

3-6 
3-4 

3-2 

.09362 
.08512 

.07743 

.003390 
.002870 
.002426 

.07608 
.07062 

.06543 

3-6 
3-4 
3-2 

•09537 

.08645 

.07845 

.003478 
.002932 
.002470 

.07671 
.07112 
.06583 

3-o 

2.8 
2.6 

.07036 
.06382 

.05771. 

.  002044 
.001712 
.001424 

.06046 

.05567 
.05105 

3-0 

2.8 
2.6 

.07116 

.06444 

.05819 

.002075 
.001735 
.  001440 

.06078 

•05593 
.05125 

2.4 

2,2 
2.0 

.05197 
.04655 

.04140 

.001173 
.000955 
.000766 

.04657 

.04221 

.03797 

2.4 

2.2 
2.0 

.05235 

.04684 
.04162 

.001185 
.000963 
.000772 

.04673 
.04234 
.03807 

1.8 
1.6 
1.4 

.03650 
.03181 
.02732 

.000604 
.  000464 
.  000347 

.033?.} 

.029*9 

.025^2 

1.8 
1.6 
1.4 

.03666 

.03193 

.02740 

.000607 
.000467 
.000348 

•03391 

.02984 
.02587 

1.2 
I.O 

0.8 

.02300 

.01884 
.01483 

.000249 
.000169 
.000106 

^02194 
.01813 
.01439 

1.2 
I.O 

0.8 

.02306 

.01888 
.01485 

.000250 
.000169 
.000106 

.02197 
.01815 
.01440 

0.6 
0.4 

+  •2 

.01095 
.00719 

•00354 

.000058 
.000025 
.000006 

.01071 

.00708 
.00352 

0.6 
0.4 

+  •2 

.01096 
.00719 

.00354 

.000058 
.000025 
.000006 

.01071 
.00709 
.00352 

0.0 
—  .2 
0.4 

.00000 

.00344 

.00680 

.000000 

.000006 
.000024 

.00000 

.00347 

.00689 

o.o 

—  .2 
0.4 

.00000 

.00344 

.00679 

.000000 
.000006 
.000024 

.00000 
.00347 
.00689 

0.6 

0.8 

I.O 

.01006 
.01325 
.01636 

.000052 
.000091 
.000140 

.01027 
.01360 
.01690 

0.6 
0.8 

I.O 

.01006 
.01324 
.01634 

.000052 
.000091 
.000139 

.01026 
.01360 
.01689 

1.2 

1.4 
1.6 

.01941 
.02238 
.02529 

.006198 
.000266 
.000342 

.02016 

.02338 
.02657 

1.2 

1.4 
1.6 

.01937 
.02234 
.02523 

.000198 
.000265 
.000341 

.02014 
.02336 
.02654 

1.8 

2.0 
2.2 

.02814 

.03094 
.  03368 

.000427 
.000519 
.000620 

.02972 
.03284 

.03594 

1.8 
2.O 
2.2 

.02807 

.03085 
.03358 

.000425 
.000517 
.000617 

.02969 
.03281 
•0359° 

2.4 
2.6 

2.8 

.03637 

.03901 
.04160 

.000728 
.000843 
.000965 

.03901 
.04205 
.04506 

2-4 
2.6 

2.8 

.03626 
.03888 
.04146 

.000725 
.000839 
.000961 

.03896 
.04199 
.04499 

3.0 
3.2 
3.4 

.04415 

.04666 

.04913 

.  001094 
.001229 

.001371 

.04805 
.05101 

.05395 

3-0 

3-2 

3.4 

.04399 

.04649 

.04893 

.001089 
.001224 
.  .001365 

.04797 
.05092 

•05385 

3-6 
3.8 
4.0 

.05156 

.05395 

.05629 

.001520 
.001675 
.001836 

.05687 
.05976 

.06263 

3-6 
3-8 
4.0 

.05134 
•05372 
.05605 

.001512 
.001666 
.001825 

.05676 
.05964 
.06250 

4-2 
4.4 
4.6 

.05860 
.06088 
.06313 

.002002 
.002174 
.002351 

.06548 
.06831 
.07112 

4-2 
4.4 

4.6 

.05835 

.06062 
.06286 

.001990 
.002160 
.002336 

•06534 
.06816 
.07096 

4.8 
5-0 
5-2 

.06536 
.06756 

.06973 

.002534 

.002722 
.002915 

.07392 

.07670 

.07946 

4.8 
5-0 
5-2 

.06506 
.06723 
.06938 

.002517 
.002704 
.002896 

•07374 
•07651 
.07926 
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Y 

=  4-2 

r  = 

4-3 

f 

X 

Y 

T 

P 

X 

Y 

T 

0 

0 

4.0 

.12122 

.005169 

.09032 

4.0 

.12561 

.005431 

.09165 

3.8 

.10813 

.004276 

.08355 

3-8 

.11103 

•004435 

.08450 

3-6 

.09726 

.003573 

•07738 

3-6 

.09932 

.003677 

.07810 

3-4 

.08787 

.002998 

.07165 

3-4 

.08938 

.003069 

.07220 

3-2 

•07953 

.002517 

.06624 

3-2 

.08067 

.002566 

.06667 

3-0 

.07199 

.002109 

.06110 

3-0 

.07286 

.002143 

.06144 

2.8 

.06509 

.001759 

.05619 

2.8 

.06575 

.001783 

.05646 

2.6 

.05870 

.001457 

.05146 

2.6 

.05921 

.001474 

.05167 

2.4 

.05273 

.001197 

.04689 

2.4 

.05312 

.001209 

.04706 

2.2 

.04713 

.000972 

.04247 

2.2 

•04743 

.000980 

.04260 

2.0 

.04185 

.000778 

.03817 

2.0 

.04207 

.000783 

.03827 

1.8 

.03683 

.000611 

.03398 

1.8 

.03700 

.000615 

.03406 

1.6 

.03205 

.000469 

.02990 

1.6 

.03218 

.000472 

.  02996 

1.4 

.02749 

.000350 

.02591 

1.4 

.02758 

.000351 

•02595 

1.2 

.O23I2 

.000251 

.02200 

1.2 

.02318 

.000251 

.02203 

I.O 

.01892 

.000170 

.01817 

I.O 

.01896 

.000170 

.01819 

0.8 

.01487 

.000106 

.01441 

0.8 

.01490 

.000106 

.01442 

0.6 

.01097 

.000059 

.01072 

0.6 

.01098 

.000059 

.01072 

0.4 

.OO72O 

.000026 

.00709 

0.4 

.00720 

.000025 

.00709 

+  .2 

.00354 

.000006 

.00352 

+  •2 

•00354 

.000006 

.00352 

o.o 

.OOOOO 

.000000 

.00000 

O.O 

.00000 

.000000 

.00000 

,   2 

.00344 

.000006 

•00347 

—  .2 

.00344 

.000006 

.00347 

0.4 

.00679 

.000024 

.00689 

0.4 

.00678 

.000023 

.00688 

0.6 

.01004 

.000052 

.01026 

0.6 

.01004 

.000052 

.01025 

0.8 

.01322 

.000091 

•01359 

0.8 

.01320 

.000090 

.01358 

.0 

.01631 

.000139 

.01687 

I.O 

.01629 

.000139 

.01686 

.2 

.01934 

.000197 

.02012 

1.2 

.01930 

.000197 

.02010 

•  4 

.O2229 

.000264 

•02333 

1.4 

,O222§ 

.000263 

.02331 

.6 

.02518 

.000340 

.02651 

1.6 

.O25I2 

.000339 

.02648 

.8 

.O280O 

.000424 

.  02965 

1.8 

.02794 

.000422 

02961 

2.0 

.03077 

.000516 

.03276 

2.0 

.  03070 

.000514 

.03271 

2.2 

.03348 

.000615 

.03584 

2.2 

•03339 

.000612 

.03579 

2.4 

.03614 

.000722 

.03889 

2.4 

.03604 

.000719 

.03883" 

2.6 

.03875 

.000836 

.04192 

2.6 

.03863 

.000832 

.04184 

2.8 

.04132 

.000957 

.04491 

2.8 

.04118 

.000952 

.04483 

3-0 

.04384 

.001085 

.04788 

3-0 

.04368 

.001079 

.04779 

3-2 

.04631 

.001219 

.05082 

3-2 

.04614 

.001212 

.05072 

3.4 

.04874 

.001359 

•05374 

3.4 

.04856 

.001351 

•05363 

3-6 

.05114 

.001505 

.05664 

3-6 

.05094 

.001497 

.05652 

3-8 

•05349 

.001658 

•05951 

3-8 

.05328 

.001648 

.05938 

4.0 

.05581 

.001816 

.06236 

4.0 

.05558 

.001805 

.06222 

4.2 

.05809 

.001979 

.06519 

4.2 

.05784 

.001967 

.06504 

4-4 

.06034 

.002148 

.06800 

4-4 

.06007 

.002135 

.06784 

4-6 

.06256 

.002322 

.07079 

4.6 

.06227 

.002308 

.07062 

4-8 

.06475 

.002502 

.07356 

4.8 

.06444 

.002486 

•07338 

5-0 

.06691 

.002687 

.07632 

5-0 

.06658 

.OO267O 

.07612 

5-2 

.06904 

.002877 

.07906 

5-2 

.06869 

.002859 

.07885 

5-4 

.07114 

.003072 

.08178 

5-4 

.07077 

.003052 

.08156 

Y  =  4-4 

r  =  4-s 

'*' 

X 

Y 

T 

9 

X 

Y 

T 

0 
3-8 
3-6 
3-4 

.11434 
.10159 

.09102 

.004621 

.003794 
.003147 

.08554 
.07886 
.07278 

0 
3.8 
3-6 
3-4 

.11816 

.10409 
.09278 

.004833 
.003923 
.003230 

.08671 
.07969 
.07340 

3-2 
3-0 

2.8 

.08188 
.07378 
.06645 

.002620 
.002180 
.001809 

.06712 
.06180 
•05673 

3-2 

3-0 

2.8 

.08317 
.07474 
.06718 

.002676 
.002219 
.001836 

.06760 
.06216 
.05702 

2.6 

2.4 

2.2 

.05974 
.05354 
.04775 

.001493 
.001222 
.000989 

.  0^189 
.04723 
.04273 

2.6 

2.4 

2.2 

.  06030 

.05396 

.04807 

.001511 
.001234 
.000998 

.05212 

.04741 

.04287 

2.O 

1.8 
1.6 

.04231 
.03718 
.03231 

.000789 
.000619 

.000474 

•03837 
.03414 
.03001 

2.O 

1.8 
1.6 

.04255 
.03736 
.03244 

.000795 
.000623 
.000477 

.03848 
.03422 
.03007 

1.4 

1.2 
I.O 

.02767 
.02324 
.01900 

.000353 

.000252 
.000171 

.02599 
.02206 
.01821 

1.4 

1.2 
I.O 

.02777 

.02331 
.01904 

.000354 
.000253 
.000171 

.02603 
.02209 
.01823 

0.8 
0.6 
0.4 

'  .01492 

.OIIOO 

.00721 

.000107 
.000059 
.000025 

•01443 
.01073 
.00709 

0.8 
0.6 
0.4 

.01495 

.OIIOI 

.00721 

.000107 
.000059 
.000026 

.01445 

.01074 
.00710 

+  •2 
0.0 
—  .2 

.00355 

.  ooooo 

.00344 

.000006 
.  oooooo 
.000006 

.00352 

.ooooo 

.00347 

-\-.2 

o.o 

—  .2 

.00355 

.00000 

.00344 

.000006 
.oooooo 
.000006 

.00352 
.ooooo 
.00346 

0.4 

0.6 
0.8 

.00678 
.01002 
.01318 

.  000024 
.000052 
.000090 

.00688 

.01025 

•01357 

0.4 

0.6 

0.8 

.00678 
.01002 

.01317 

.000023 
.000052 
.000090 

.00688 
.01024 

.01356 

I.O 
1.2 
1.4 

.01626 
.01927 
.02220 

.000139 
.000197 
.000263 

.01685 

.02009 
.02329 

I.O 
1.2 
1.4 

.01624 
.01924 
.02216 

.000138 
.000196 
.000262 

.01683 
.02007 
.02326 

1.6 

1.8 

2.0 

.02507 
.02787 

.03061 

.000338 
.000421 
.000512 

.02645 
.02958 
.03268 

1.6 
1.8 

2.0 

.02501 

.02781 

•03054 

.000337 
.000420 
.000510 

.02642 

.02954 

.03263 

2.2 
2.4 
2.6 

.03330 

.03593 
.03851 

.000611 
.000717 
.000830 

•03574 

.03878 

.04178 

2.2 
2.4 
2.6 

.03321 

.03583 
•03839 

.000608 
.000713 
.000825 

.03569 
.03872 
.04171 

2.8 

3.0 

3-2 

.04105 

•04353 
.04598 

.000949 
.001075 
.001207 

.04476 
.04771 

.05063 

2.8 
3-0 

3-2 

.04091 

•04338 
.04581 

.000944 
.001069 

.OOI20I 

.04468 
.04762 

.05054 

3.4 

3-6 

3-8 

,04838 
.05074 

.05306 

.001346 
.001490 
.001640 

.05353 

.05641 
.05926 

3-4 
3-6 

3-8 

.04820 

.05054 
.05285 

.001338 
.001482 
.001631 

.05343 

.05630 

.05914 

4.0 
4.2 
4-4 

.05535 

.05760 
.05982 

.001796 

.001957 

.002123 

.06209 
.06490 
.06769 

4.0 

4-2 

4.4 

.05512 

.05735 
•05955 

.001785 
.001945 

.OO2IIO 

.06196 
.06476 
.06754 

4.6 

4-8 
5-0 

.06200 

.06415 

.06627 

.002295 
.002472 
.002654 

.07046 
.07321 
.07594 

4.6 
4.8 
5-0 

.06172 
.06386 
.06596 

.OO228I 
.002457 
.002638 

.07030 

.07304 
.07576 

5-2 
5-4 
5-6 

.06836 

•07043 
.07247 

.002840 

.003031 

.003227 

.07865 
.08134 
.08402 

5-2 
5-4 
5-6 

.06804 
.07009 
.07211 

.OO2824 
.003014 
.OO32O8 

.07846 
.08114 

.08381 
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r 

=  4.6 

r  = 

=  47 

<p 

X 

Y 

T 

9 

X 

Y 

T 

0 

3-8 
3-6 
3-4 

.12268 
.10690 
.09470 

.005092 
.004070 
.003323 

.08803 
.08060 
.07406 

0 
3-6 
3-4 

3-2 

.11009 
.09679 
.08601 

.  004240 

.003425 

.002803 

.08158 
.07476 
.06862 

3-2 
3-0 

2.  "8 

.08454 

.07575 
.06794 

.002737 
.002260 
.001864 

.06810 
.06255 
.05732 

3-0 

2.8 
2.6 

.07682 
.06873 
.06146 

.  002304 
.001894 

.001551 

.06295 

•05763 
.05258 

2.6 

2.4 

2.2 

.06087 

.05439 
.04839 

.001531 
.001248 
.001007 

.05235 
•04759 
.04301 

2.4 

2.2 

2.0 

•05483 
.04872 
.04304 

.001262 
.001017 

.000808 

.04777 
•04315 

.03869 

2.O. 

1.8 
1.6 

.04280 
•03754 
.03257 

.000802 
.000627 
.000480 

.03858 
.03430 
.03013 

1.8 
1.6 
1.4 

•03772 
.03270 
.02795 

.000631 
.000482 
.000358 

.03438 
.03019 
.02612 

1.4 

1.2 
I.O 

.02786 
.02337 
.01908 

.000356 
.000254 
.000172 

.02607 
.02212 
.01825 

1.2 
I.O 

0.8 

•02343 
.01912 
.01499 

.000255 
.000172 
.000108 

.02215 
.01827 

•01447 

0.8 
0.6 
0.4 

.01497 

.01102 
.O0722 

.000107 
.000059 
.000026 

.01446 
.01075 
.00710 

0.6 
0.4 

+  •2 

.01103 
.00722 
•00355 

.000059 
.000026 
.000006 

.01075 

.00710 

.00352 

•M 

o.o 

—  .2 

•00355 
.00000 
.00344 

.000006 
.000000 
.000006 

.00352 
.00000 
.00346 

O.O 
.2 
0.4 

.00000 

.00344 

.00677 

.000000 
.000006 
.000023 

.00000 
.00346 

.00687 

0.4 

0.6 

0.8 

.00677 
.OIOOI 

•01315 

.000023 
.000052 
.000090 

.00688 
.01024 
•01355 

0.6 
0.8 

I.O 

.01000 

.01314 

.01619 

.000052 
.000090 
.000138 

.01023 

.01354 
.01681 

.0 

.2 

•4 

.01622 
.01920 

.02212 

.000138 
.000196 
.000262 

.01682 
.02005 
.02324 

1.2 
1.4 

1.6 

.01917 

.02207 
.02490 

.000195 
.000261 

.000335 

.02004 
.02322 
.02636 

.6 

.8 

2.0 

.02496 
.02774 
,03046' 

.000336 
.000419 
.000509 

.02639 
.02951 
•03259 

1.8 

2.0 
2.2 

.02767 
.03038 
.03303 

.000417 
.000507 
.000604 

.02947 
•03255 
•03559 

2.2 
2.4 
2.6 

.03312 
.03572 
.03828 

.000606 
.000711 
.000823 

•03564 
.03866 
.04164 

2-4 
2.6 

2.8 

.03562 
.03816 
.04065 

.000708 
.000819 
.000936 

.03860 
.04158 
•04453 

2.8 
3-0 
3-2 

.04078 
.04324 
.04565 

.000941 
.001065 
.001196 

.04460 

•04754 
.05044 

3-0 

3-2 

3-4 

.04309 

•04549 
.04784 

.001060 
.001189 

.001325 

•04745 
.05035 
.05322 

3-4 

3-6 
3-8 

.O48O2 

.05035 
.05264 

.001332 
.001475 
.001623 

•05332 
.05618 
.05901 

3-6 
3-8 
4.0 

.05016 

•05243 
.05467 

.001467 
.001614 
.001766 

.05607 
.05890 
.06170 

4.0 
4-2 

4-4 

.05490 
.05712 
.05931 

.001777 
.001936 
.002100 

.06182 
.06461 
.06738 

4.2 

4-4 
4.6 

.05687 
.05904 

.06117 

.001923 
.002086 
.002254 

.06448 
.06724 
.06998 

4-6 
4.8 
5-0 

.06146 
.06357 
.06565 

.002269 
.002443 
.002621 

.07013 
.07286 
•07557 

4.8 
5-0 

5-2 

.06327 

.06534 
.06738 

.002427 
.002606 
.002789 

.07270 

.07539 

.07807 

5-2 

5-4 

5-6 

.06771 
.06974 
.07174 

.002804 
.002992 
.003185 

.07826 
.08093 
•08359 

5-4 
5-6 

5-8 

.06939 
.07138 
.07334 

.002976 
.003167 
.003362 

.08073 

.08338 
.08601 
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y  =  4.8 

Y  =  4-9 

<? 

X 

Y 

T 

0 

X 

Y 

T 

0 
3-6 
3-4 

3-2 

.11380 

.09911 
.08760 

.004438 

•003539 

.002874 

.08269 

..07552 

.06917 

0 
3-6 
3-4 
3-2 

.  .11823 
.10171 
.08932 

.  004679 
.003667 
.002951 

•08395 

•07635 
.06977 

3-0 

2.8 
2.6 

.07795 
.06955 

.06207 

.002351 
.001925 
.001572 

.06336 

.05794 

.05282 

3-0 

2.8 
2.6 

•079I5 
.07043 
.06272 

.002400 
.001958 
.001595 

.06380 
.05828 
.05308 

2.4 

2.2 
2.0 

.05529 
.04907 
.04330 

.001276 
.001026 
.000814 

.04796 
.04329 
.03880 

2.4 

2.2 
2.O 

•05577 
.04942 
.04356 

.001291 
.001036 
.000821 

.04816 
.04344 
.03892 

1.8 
1.6 
1.4 

.03791 

.03284 
.02805 

.000635 
.000485 
.000359 

.03446 

.03025 
.02616 

1.8 
1.6 
1.4 

.03810 
.03297 
.02814 

.000640 
.000487 
.000361 

•03455 
.03032 
.02621 

1.2 
1.0 

0.8 

.02350 
.01916 
.01502 

.000256 
.000173 
.000108 

.02217 
.01828 

.01448 

1.2 
I.O 

0.8 

.02356 
.01921 
.01505 

.000257 
.000173 
.000108 

.02221 
.01831 
.01449 

0.6 
0.4 

+  .2 

.01105 
.00723 

.00355 

.000059 
.000026 
.000006 

.01076 
.00710 
.00352 

0.6 
0.4 

+  .2 

.01106 
.00724 
•00355 

.000059 
.000026 
.000006 

.OIO76 
.OO7II 
.00352 

o.o 

•  —  .2 
0.4 

.00000 

.00343 

.00676 

.000000 
.000006 
.000023 

.00000 
.  00346  • 
.00687 

O.O 
—  .2 
0.4 

.00000 
•00343 
.00676 

.000000 
.000006 
.000023 

.OOOOO 
.00346 
.00687 

0.6 

0.8 

I.O 

.00999 
.01312 
.01617 

.000051 
.000090 
.000138 

.01023 

.01353 

.01679 

0.6 
0.8 

I.O 

.00998 
.01311 
.01615 

.000051 
.000090 
.000137 

.OIO22 

•01353 
.01679 

1.2 
1.4 

1.6 

.01913 

.02203 
.02485 

.000195 
.  000260 
.  000334 

.02001 
.02319 
.02633 

1.2 
1.4 

1.6 

.01910 
.02199 
.02480 

.000194 
.000260 
.000333 

.O2OOO 
.02317 
.02631 

1.8 

2.0 

2.2 

.02761 
.  03030 

.03293 

.000416 
.000506 
.000602 

.02943 
.03250 
.03554 

1.8 

2.O 
2.2 

•02754 
.03022 
.03285 

.000415 
.000504 
.000600 

.02940 
.03247 
•03549 

2-4 
2.6 
2.8 

•03551 

.03804 
.04052 

.000706 
.000816 
.000933 

.03854 
.04151 

.04446 

'2-4 
2.6 
2.8 

•0354T 
.03792 
.04039 

.000703 
.000813 
.000929 

•03849 
.04145 
•04439 

3-0 
3-2 

3.4 

.04294 

•04533 
.04767 

.001056 
.001185 
.001320 

.04737 

.05026 
.05312 

3-0 

3-2 

3-4 

.04280 

•04517 
.04749 

.001051 
.001179 
.001313 

.04730 
.05018 
•05303 

3-6 
3-8 
4.0 

•04997 

.05223 

•05445 

.001460 
.001607 
.001758 

•05596 
•05877 
.06157 

3-6 
3-8 
4.0 

.04978 
.05202 
•05423 

.001453 
.001598 
.001748 

.05586 
.05867 
.06145 

4.2 

4-4 
4.6 

.05663 

.05878 

.  06090 

.001914 
.002075 
.002242 

.06434 

.06709 
.06982 

4-2 

4.4 
4.6 

.05640 

•05854 
.06064 

.001903 
.  002063 
.002228 

.06421 
.06695 
.06967 

4.8 
5-0 

5-2 

.06299 

.06504 
.06707 

.002414 
.002590 

.002771 

•07253 
.07521 
.07788 

4.8 
5-0 

5-2 

.06271 
.06475 
.06676 

.002399 
.002575 
•002755 

.07237 
.07504 
.07770 

5-4 
5-6 

5-8 

.06907 
.07104 
.07298 

.002957 
.003147 

.003341 

.08053 
.08316 
.08578 

5-4 
5-6 

5.8 

.06874 
.07070 
.07263 

.002939 
.003127 
.003319 

.08034 
.08296 
.08557 

r  =  s-o 

y  =  S.O 

<p 

X 

Y 

T 

f 

X 

Y 

T 

0 

3.4 

.  10465 

.003815 

.07725 

u 

1.4 

.02194 

.000259 

.02315 

3-2 

.09119 

.003038 

.07039 

1.6 

.02474 

.000332 

.02628 

3-0 

.08044 

.002455 

.06425 

1.8 

.02748 

.000414 

.02937 

2.8 

.07134. 

.001993 

.05861 

2.0 

.03015 

.000502 

.03242 

2.6 

.06338 

.001618 

•05334 

2.2 

.03276 

.000598 

•03544 

2.4 

.05626 

.001306 

.04834 

2.4 

.03531 

.000700 

.03843 

2.2 

.04978 

.001046 

.04359 

2.6 

.03781 

.000809 

.04139 

2.0 

.04383 

.000828 

.03902 

2.8 

.04026 

.000925 

•04431 

1.8 

.03829 

.000644 

.03463 

3-0 

.04266 

.001046 

.04721 

1.6 

.03311 

.000490 

.03037 

3-2 

.04501 

.001174 

.05008 

1.4 

.02824 

.000362 

.02625 

3-4 

.04732 

.001307 

•05293 

1.2 

.02363 

.000258 

.02224 

3-6 

•04959 

.001446 

•05575 

1.0 

.01925 

.000174 

.01832 

3-8 

.05182 

.001590 

.05854 

0.8 

.01507 

.000108 

.01451 

4.0 

.05401 

.001740 

.06131 

0.6 

.01108 

.000059 

.01077 

4.2 

.05616 

.001895 

.06406 

0.4 

.00724 

.000026 

.00711 

4.4 

.05828 

.002054 

.06679 

-J-.2 

•00355 

.000006 

.00352 

4.6 

.06037 

.002218 

.06950 

o.o 

.00000 

.000000 

.00000 

4.8 

.  06243 

.002387 

.07219 

—  .2 

•00343 

.000006 

.00346 

5-0 

.06446 

.002560 

.07486 

0.4 

.00675 

.000023 

.00687 

5-2 

.06646 

.002738 

•07751 

0.6 

.00997 

.000051 

.01022 

5-4 

.06843 

.002920 

.08014 

0.8 

.01309 

.000089 

.01352 

5-6 

.07037 

.003107 

.08275 

I.O 

.01612 

.000137 

.01677 

5-8 

.07228 

.003298 

•08535 

1.2 

.01907 

.000194 

.01998 

6.0 

.07416 

.003493 

.08793 

Y.     P~  =  3  tan  y  -f  tan  *<p. 


<p 

~~  (T 

0 

.0 

.2 

•  4 

.6 

.8 

.000  ooo 

.010  472 

.020  945 

.031  418 

.041  893 

i 

2 

3 

•052  371 

.104  805 

.157  367 

.062  850 

•  "5  305 
.167  901 

•073  333 
.125  8n 

.178  442 

.083  819 
.136  323 

.188  993 

.094  310 
.146  842 
.199  533 

4 
5 
6 

.2IO  122 
.263  136 

.316  474 

.220  702 

•273  775 
.327  186 

.231  293 

.284  428 
•337  9I5 

.241  895 
.295  095 
.348  661 

.252  509 
.305  777 
•359  424 

7 
8 

9 

.370  205 

•424  398 
.479  126 

.381  004 
•435  299 
.490  143 

.391  823 

.446  222 
.501  184 

.402  66  I 
•457  167 
.512  251 

.413  519 
.468  135 
•523  344 

10 

•534  463 

•545  610 

.556  785 

.567  989 

.579  222 

ii 

12 

13 

.590  485 
.647  273 
.704  910 

.601  779 
•658  730 
•716  547 

.613  IO4 
.670  221 
.728  222 

,624  461 
.681  748 
•739  936 

.635  850 
.693  310 
•751  690 
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=  3  tan  (f>  -\-  tan 


<p 

.O 

.2 

•4 

.6 

.8 

0 

14 

15 

16 

•763  483 
.823  086 
.883  813 

•775  319 
.835  138 
.896  103 

.787  196 
.847  236 
.908  442 

.799  "5 
.859  381 
.920  832 

.811  078 

•871  573 
•933  275 

17 
18 

19 

•945  769 
1.009  °62 
1.073  807 

•958  317 

I.  021  89! 
I.  O86  941 

.970  919 
1.034  779 
i.  too  139 

.983  577 
1.047  727 
1.113  4°2 

.996  291 
i.  060  736 
1.126  731 

20 

1.140  127 

I-I53  592 

1.167  126 

1.180  730 

i  .  194  407 

21 
22 
23 

1.208  115 
1.278  031 
1.349  9°6 

I.  221  978 
1.292  241 

1-364  535 

1.235  875 
1.306  532 
1.379  252 

1.249  849 
i  .  320  906 
1.394  058 

1.263  9°i 
1-335  363 
1.408  955 

24 

25 
26 

1.423  943 
1.500  318 
1.579  221 

1-439  025 
1.515  890 
1-595  323 

1.454  202 
I-53I  565 
1.611  535 

1.469  476 

1.547  344 
1.627  861 

1.484  847 
1.563  229 
1.644  3QI 

27 
28 
29 

i.  660  857 

1-745  450 
1.833  244 

1.677  532 
1.762  745 
1.851  209 

1.694  327 
1.780  169 
1.869  315 

1.711  244 

1.797  726 
1.887  564 

1.728  284 
1.815  417 
1.905  959 

30 

1.924  501 

1-943  193 

1.962  038 

1.981  038 

2.  OOO  195 

31 

32 

33 

2.019  513 
2.118  596 

2.222  098 

2.038  993 
2.138  931 
2.243  361 

2.058  639 

2.159  446 
2.264  820 

2.078  452 
2.180  143 
2.286  477 

2.098  437 

2.2OI  O26 

2.308  337 

34 
35 
36 

2.330  401 
2.443  928 
2.563  143 

2.352  674 
2.467  300 
2.587  714 

2.375  160 
2.490  904 
2.612  536 

2.397  862 
2.514  743 
2.637  615 

2.420  783 
2.538  821 
2.662  957 

37 
38 
39 

2.688  563 
2.820  759 
2.960  368 

2.714  441 
2.848  066 
2.989  240 

2.740  594 
2.875  675 
3.018  444 

2.767  029 
2.903  591 
3.047  983 

2.793  748 
2.931  820 
3.077  866 

40 

3.108  099 

3-138  688 

3.169  640 

3.200  962 

3.232  661 

41 
42 
43 

3.264  745 

3-431  J94 
3.608  446 

3.297  220 
3.465  746 
3-645  289 

3-330  095 
3-500  739 
3.682  618 

3-363  377 
3.536  180 
3.720  444 

3-397  074 
3.572  079 
3-758  776 

44 
45 
46 

3.797  624 
4.000  ooo 
4.217  014 

3.837  ooo 
4.042  183 
4.262  314 

3.876  914 
4.084  962 
4.308  277 

3.9I7  378 
4.128  352 
4-354  920 

3.958  402 
4.172  365 
4-402  257 

47 
48 

49 

4.450  304 

4.701  734 
4-973  442 

4.499  074 
4.754  380 
5.030  427 

4.548  585 
4-807  854 
5.088  340 

4.598  854 
4.862  177 
5  .  147  206 

4.649  898 
4.917  366 
5-207  045 

50 

5.267  88l 

5-329  737 

5-392  639 

5.456  611 

5.521  68l 

51 

52 
53 

5.587  874 
5.936  691 
6.318  124 

5.655  218 
6.010  238 
6.398  702 

5.723  742 
6.085  H7 
6.480  797 

5-793  475 
6.161  368 
6.564  452 

5.864  448 
6.239  026 
6.649  7°6 

54 

55 
56 

6.736  602 
7.197  304 
7-706  333 

6.825  183 
7-295  031 
7-814  550 

6.915  496 

7-394  739 
7.925  047 

7.007  588 
7.496  488 
8.037  894 

7.101  509 
7.600  333 
8.153  153 

57 
53 
59 

8.270  898 
8.899  574 
9.602  605 

8.391  203 
9.033  869 
9-753  175 

8.514  142 
9.171  225 
9.907  314 

8.639  795 
9-3II  731 
10.065  J36 

8.768  244 
9.455  492 
10.226  756 
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VI.    VALUES  OF  X,  Y  &  T  FOE  INTERVALS  OF  1°. 


y  =  O.OO 

y  —  o.oo 

V 

X 

Y 

T 

f 

X 

Y 

T 

0 

60 

1.73205 

1.50000 

1.73205 

0 

18 

•32492 

.052786 

.32492 

59 

1.66428 

1.38492 

1.66428 

17 

.30573 

.046736 

•30573 

58 

1.60033 

1.28054 

1.60033 

16 

.28675 

.041112 

.28675 

57 

1.53986 

1.18559 

1.53986 

15 

.26795 

.035898 

•26795 

56 

1.48256 

1.09899 

1.48256 

14 

•24933 

.031082 

•24933 

55 

1.42815 

1.01980 

1.42815 

13 

.23087 

.026650 

.23087 

54 

1.37638 

•947215 

1.37638 

12 

.21256 

.022590 

.21256 

53 

1.32704 

.880524 

1.32704 

II 

.19438 

.018892 

•  19438 

52 

1.27994 

.819125 

1.27994 

IO 

•17633 

.015546 

•17633 

51 

I  .  23490 

.762486 

i  .  23490 

9 

.15838 

.012543 

.15838 

50 

I.  19*75 

.710138 

1.19175 

8 

.  14054 

.009876 

•  14054 

49 

I-I5037 

.661674 

1.15037 

7 

.12279 

.007538 

.12279 

48 

I.  HO6l 

.616730 

i.  11061 

6 

.10510 

-005524 

.10510 

47 

1.07237 

•574987 

1.07237 

5 

.08749 

.003827 

.08749 

46 

1-03553 

.536162 

1.03553 

4 

.06993 

.002445 

.  06993 

45 

I.OOOOO 

.500000 

I.OOOOO 

3 

.05241 

.001373 

.05241 

44 

.96569 

.466278 

.96569 

2 

.03492 

.000610 

.03492 

43 

.93252 

•434792 

•93252 

+  1 

.01746 

.000152 

.01746 

42 

.90040 

•405363 

.90040 

O 

ooooo 

oooooo 

ooooo 

41 

.  86020 

.377830 

.  86020 

40 

•      ^ymm^y 

.83910 

•352044 

;7  " 

.83910 

y  =  o.oi 

39 
38 

.80978 
.78129 

•327875 
.305204 

.80978 
.78129 

9 

X 

Y 

T 

37 

•75355 

.283922 

•75355 

0 

36 

.72654 

.263932 

•72654 

60 

1.77949 

1.55885 

1.75552 

35 

.70021 

•245145 

.70021 

59 

1.70679 

1-43539 

1.68533 

34 

.67451 

.227481 

.67451 

58 

1.63857 

1.32404 

1.61928 

33 

.64941 

.210865 

•64941 

57 

1-57437 

1.22324 

1.55697 

32 

.62487 

•195231 

.62487 

56 

1.51380 

1.13170 

1.49806 

.60086 

.180517 

.60086 

55 

1-45651 

1.04831 

1.44222 

30 

•57735 

.  166667 

•57735 

54 

1.40219 

.97214 

1.38919 

29 

•55431 

.153629 

•55431 

53 

1-35058 

.90238 

1.33873 

28 

•53I7I 

•141358 

•53*71 

52 

1.30144 

•83834 

I  .  29063 

27 

.50953 

.  129808 

•50953 
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.54222 

O 

.00000 

.000000 

.00000 

7  =  4-4 

—  I 

.01629 

.000139 

.01686 

Y 

Y 

T 

2 

.  03070 

.000514 

.03271 

r 

,/v 

X 

A 

3 

.04300 

.001079 

•°4779 

0 

4 

.05558 

.001805 

.06222 

3 

.07378 

.002180 

.06180 

5 

.06658 

.002670 

.07612 

2 

.04231 

.000789 

•03837 

6 

.07686 

.003659 

.08958 

+1 

.01900 

.000171 

.01821 

7 

.08652 

•004759 

.  10265 

+ 

+ 

+ 

8 

.06566 

.005962 

.11539 

O 

.00000 

.000000 

.00000 

9 

.  10436 

.007260 

.12784 



_l_ 



10 

.11266 

.008649 

.14004 

—  I 

.01626 

.000139 

.01685 

u 

.12061 

.010123 

.1:5203 

2 

.03061 

.000512 

.03268 

12 

.12827 

.011680 

.16383 

3 

.04353 

.001075 

.04771 

13 

.13565 

.013317 

•17545 

4 

.05535 

.001796 

.06209 

14 

.14279 

.015031 

.18693 

5 

.06627 

.002654 

.07594 

15 

.  14972 

.016821 

.19829 

6 

.07646 

.003634 

.08933 

16 

.15644 

.018687 

•20953 

7 

.08603 

.004724 

.10235 

17 

.16300 

.020628 

.  22069 

8 

.09508 

.005915 

.11502 

18 

.16939 

.022643 

.23176  . 

9 

.  10369 

.007200 

.12741 

19  \ 

.17563 

•024733 

.24277 

10 

.11190 

.008574 

•13955 

20  \ 

.18175 

.026898 

•25373 

ii 

.11977 

.010033 

.15147 

21 

.18774 

.029138 

.  26465 

12 

.12734 

.011572 

.  16320 

22 

.19363 

.031456 

.27554 

13 

.  13464 

.013190 

.17476 

23 

.  19941 

•033851 

.  28642 

14 

.14170 

.014884 

.18618 

24 

.20510 

.036326 

.29729 

15 

.14854 

.016654 

.  19747 

25 

.21071 

.038882 

.30816 

16 

.15519 

.018497 

.20865 

26 

.21625 

.041521 

•31905 

17 

.16166 

.020414 

.21973 

27 

.22171 

.  044246 

.32996 

18 

.16798 

.022404 

.  23074 

28 

.22711 

.047058 

.34091 

19 

.17414 

.024468 

.24168 

29 

.23246 

.  049960 

•35190 

20 

.18018 

.026605 

.25257 

30 

.23775 

.052956 

.36295 

21 

.18610 

.028817 

.26342 

31 

.  24300 

.056048 

.37406 

22 

.19191 

.031105 

.27424 

32 

.24821 

.059240 

•38524 

23 

.19762 

.033469 

.28504 

33 

.25338 

.062536 

•39651 

24 

.20323 

.035912 

.29584 

34 

.25852 

.065940 

.40787 

25 

.20877 

.038434 

.30664 

35 

.  26364 

•069455 

•41933 

26 

.21423 

.041038 

.31745 

36 

.26873 

.073087 

.43091 

27 

.21962 

.043727 

.32829 

37 

.27380 

.076840 

.44262 

28 

.22495 

.046501 

•339*7 

3S 

.27886 

.080721 

.45446 

29 

.23022 

.049364 

•35009 

39 

.28391 

•084733 

.46645 

30 

•23545 

.052319 

.36106 

40 

.28894 

.088885 

.47860 

31 

.  24062 

.055370 

.37209 

41 

.29397 

.093182 

.49093 

32 

.24576 

.058518 

.38320 

42 

.29900 

.097631 

•  50343 

33 

.25086 

.061768 

•39439 

95 


Y  =  4-5 

y  —  4-6 

9 

X 

Y 

T 

<p 

X 

Y 

T 

0 

0 

34 

.25593 

.065125 

.40567 

25 

.20687 

.038001 

.30516 

35 

.  26098 

.068592 

•41705 

26 

.21226 

.040572 

•31590 

36 

.26600 

.072173 

•42855 

27 

.21758 

.043224 

.32667 

37 

.27100 

.075874 

.44017 

28 

.22284 

.045962 

•33747 

38 

.27599 

.079700 

.45193 

29 

.22805 

.048788 

•34831 

39 

.28096 

.083656 

.46384 

30 

.23320 

.051704 

•35921 

40 

.28593 

.087749 

•47590 

31 

.23831 

•054713 

.37017 

41 

.  29089 

.091985 

.48814 

32 

•24338 

•057819 

.38120 

42 

.29584 

.096371 

.50056 

33 

.24841 

.061026 

.39232 

43 

.30080 

.  100914 

•51317 

34 

•25341 

•064337 

•40352 

44 

.30576 

.105623 

.52600 

35 

•25839 

.067756 

.41483 

45 

.31073 

.110505 

•53906 

36 

.26334 

.071289 

.42625 

37 

.26828 

•074939 

.43780 

38 

.27319 

.078712 

•44947 

r=4.5 

39 

.27810 

.082614 

.46130 

40 

.28300 

.086650 

.47328 

41 

.28789 

.090828 

.48543 

V 

42 

.29277 

•095153 

.49776 

0 

43 

.29766 

.099633 

.51029 

3 

.07474 

.002219 

.06216 

44 

.30256 

.104275 

•52303 

2 

.04255 

.000795 

.03848 

45 

.30745 

.  109089 

•53599 

4~i 

.01004 

.000171 

.01823 

7   T^ 

0 

.00000 

.000000 

.00000 

r  =  4-6 

—i 

.OI624 

.000138 

.01683 

2 

.03054 

.000510 

.03263 

<p 

3 

.04338 

.001069 

.04762 

0 

4 

.05512 

.001785 

.06196 

3 

.07575 

.002260 

06255 

5 

.06596 

.002638 

•07576 

2 

.04280 

.000802 

.03858 

6 

.07606 

.003609 

.08910 

+1 

.01908 

.000172 

.01825 

7 

.08555 

.  004690 

.  10205 

+ 

+ 

+ 

8 

.09452 

.005870 

.11467 

O 

.00000 

.000000 

.00000 

9 

.  IO3O3 

.007142 

.12700 

. 

10 

.11116 

.008502 

•  13907 

—  I 

.01622 

.000138 

.01682 

II 

.11895 

.009945 

.15093 

2 

.03046 

.  000509 

•03259 

12 

.12644 

.011468 

.  16259 

3 

•04324 

.001065 

•04754 

13 

.  13366 

.013067 

.17409 

4 

.05490 

.001777 

.06182 

14 

.14063 

.014742 

.18544 

5 

.06565 

.002621 

•07557 

15 

•  14740 

.016491 

.  19666 

6 

.07566 

.003585 

.08885 

16 

•15397 

.018313 

.20778 

7 

.08507 

.004656 

.10175 

17 

.  I6O36 

.020207 

.21879 

8 

•09395 

.005825 

.11430 

18 

.  I666O 

.022173 

.22973 

9 

.  10239 

.00/085 

.12657 

19 

.17269 

.024212 

.24061 

10 

.11043 

.008431 

•13859 

20 

.17865 

.026323 

•25143 

ii 

.11814 

.009859 

.15038 

21 

.18449 

.028507 

.26221 

12 

.12555 

.011365 

.16198 

22 

.19023 

.030766 

.27296 

13 

.13268 

.012947 

.17342 

23 

.19587 

.033100 

.28370 

14 

.13958 

.014603 

.18470 

24 

.2OI4I 

.0355" 

.29442 

15 

.  14627 

.016332 

.19586 

Y  —  4.6 

Y  =  4-8 

9 

X 

Y 

T 

f 

X 

Y 

T 

0 

0 

16 

.15276 

.018133 

.  20691 

7 

.08460 

.004623 

.10146 

17 

.15908 

.020005 

.21786 

8 

.09340 

.005781 

.11396 

18 

.16525 

.021947 

.22874 

9 

.10176 

.007029 

.12617 

19 

.17127 

.023961 

.23954 

10 

.  10972 

.008362 

.13812 

20 

.17716 

.026047 

.25030 

ii 

."735 

.009775 

.14985 

21 

.18293 

.028205 

.26101 

12 

.12468 

.011265 

.16139 

22 

.18859 

.030435 

.27170 

13 

.13174 

.012830 

.17276 

23 

.19416 

.032741 

.28236 

14 

.13856 

.014468 

.18399 

24 

.  19964 

.035121 

.  29302 

15 

.14517 

.016177 

.19508 

25 

.20503 

.037580 

.  30369 

16 

.15159 

.017958 

.  20607 

26 

.21035 

.040117 

.31437 

17 

.15784 

.019808 

.21696 

27 

.21560 

.042736 

•32507 

18 

•16393 

.021728 

.22777 

28 

.22079 

•045439 

.33580 

J9 

.16988 

.023718 

.23851 

29 

•22593 

.048228 

.34657 

20 

•17570 

.025779 

.  24920 

30 

.23102 

.051106 

.35740 

21 

.18140 

.027911 

.25985 

31 

.  23606 

.054076 

.36829 

22 

.18700 

.030114 

•27047 

32 

.24106 

.057141 

.37924 

23 

.19249 

•032391 

.28108 

33 

.24603 

.  060305 

.39028 

24 

.19790 

•034743 

.29167 

34 

.25097 

.063572 

.40142 

25 

.26323 

•037170 

.30227 

35 

.25588 

.  066946 

.41265 

26 

.  20848 

.039676 

.31288 

36 

.  26076 

.070431 

.42399 

27 

.21367 

.042263 

.32351 

37 

.26563 

.074033 

.43546 

28 

.'21879 

.044931 

•33417 

38 

.  27048 

•077755 

.44706 

29 

.22386 

.047684 

•34488 

39 

.27532 

.081604 

.45880 

30 

.22888 

.050526 

•35563 

40 

.28015 

.085586 

.47070 

31 

.23386 

•053457 

.36645 

41 

.28497 

.089706 

.48277 

32 

.23880 

.056483 

•37734 

42 

.28979 

.093972 

.49502 

33 

.24370 

.059606 

•38831 

43 

.29461 

.098391 

.50746 

34 

.24858 

.062831 

•39937 

44 

.29944 

.  102970 

.52011 

35 

•25342 

.066161 

•41053 

45 

.30427 

.107717 

.53298 

36 

.25824 

.069600 

.42180 

37 

.26305 

•073154 

.43319 

38 

•26783 

.076828 

.44471 

r  =  4-7 

39 

.27261 

.080626 

•45637 

40 

•27737 

•084554 

.46819 

<f> 

41 

.28213 

.088620 

.48018 

42 

.28689 

.092828 

.49234 

0 

3 

.07682 

.002304 

.06295 

43 

.29165 

.097187 

.50470 

2 

.04304 

.000808 

.03869 

44 

.29641 

.101704 

.51727 

+1 

.01912 

.000172 

.01827 

45 

.30117 

.  106388 

•53005 

4- 

4- 

4- 

i 

0 

I 

.00000 

i 

.000000 

1 

.00000 

Y  =  4,8 

—  I 

.01610 

+ 

.000138 

.01681 

P 

X 

Y 

T 

2 

.03038 

.000507 

.03255 

3 

.04309 

.001060 

•04745 

0 
3 

.07795 

.002351 

.06336 

4 

.05467 

.001766 

.06170 

2 

•04330 

.000814 

.03880 

5 

•06534 

.002606 

•07539 

+1 

.01916 

.000173 

.01828 

6 

.07528 

.003562 

.0^862 

+ 

+ 

+ 

97 


r  =  4.s 

r  =  4-9 

f 

X 

Y 

T 

<p 

X 

Y 

T 

0 

o 

.00000 

.000000 

.00000 

0 
3 

•07915 

.002400 

.06380 

2 

•04356 

.000821 

.03892 

_i_ 



+  1 

.01921 

.000173 

.01831 

—I 

.01617 

.000138 

.01679 

"T 

+ 

+ 

2 

.  03030 

.000506 

.03250 

O 

.00000 

.000000 

.00000 

3 

.04294 

.001056 

.04737 

i 

4 

.05445 

.001758 

.06157 

—  I 

.01615 

.000137 

.01679 

5 

.06504 

.002590 

.07521 

2 

.03022 

.000504 

•03247 

6 

.07490 

.003539 

.08838 

3 

.04280 

.001051 

.04730 

7 

.08414 

.004591 

.10116 

4 

•05423 

.001748 

.06145 

8 

.09286 

•005738 

.11361 

5 

.06475 

.002575 

.07504 

9 

.10114 

.006974 

.12576 

6 

•07453 

.003516 

.08816 

10 

.  10902 

.008294 

.13765 

7 

.08369 

•004559 

.10089 

ii 

.11657 

.009692 

.14933 

8 

.09233 

.005696 

.11328 

12 

.12382 

.011167 

.16081 

9 

.10053 

.006920 

.12537 

13 

.13081 

.012715 

.17212 

10 

•  10834 

.008227 

.13721 

14 

.13756 

.014336 

.18328 

ii 

•11581 

.009611 

.14883 

15 

.14410 

.016026 

.19431 

12 

.12299 

.011071 

.  16025 

16 

.15044 

.017787 

.20524 

13 

.12990 

.012603 

.17150 

17 

.15662 

.019616 

.21606 

14 

.13658 

.014206 

.18260 

18 

.  16264 

.021514 

.22681 

15 

•  14305 

.015878 

.19358 

19 

.16852 

.023481 

•23749 

16 

•  14933 

.017619 

.20444 

20 

.17427 

•025517 

.24812 

17 

•15543 

.019428 

.21521 

21 

.17991 

.027624 

.25871 

18 

.16139 

.021305 

.22589 

22 

.18544 

.029801 

.26927 

19 

.16720 

.023249 

.23652 

23 

.  19087 

.032051 

.27981 

20 

.17288 

.025262 

.24708 

24 

.19621 

•034374 

.29034 

21 

.17845 

•027344 

.25761 

25 

.20147 

.036773 

.30087 

22 

.18392 

.  029496 

.26811 

26 

.20666 

.039248 

.31141 

23 

.18928 

.031719 

.27858 

27 

.21178 

.042802 

.32198 

24 

.19456 

.034015 

28905 

28 

.21685 

•044437 

.33258 

25 

.  19976 

.036384 

.29952 

29 

.22185 

.047156 

•34321 

26 

.  20489 

.038829 

.31000 

30 

.22681 

.  049962 

•35390 

27 

.20995 

.041352 

.32050 

31 

.23173 

•052857 

•36465 

28 

•21495 

•043955 

•33103 

32 

.23660 

.055844 

•37547 

29 

.21990 

.046641 

.34160 

33 

.24144 

.058927 

.38637 

30 

.  22480 

.049412 

.35222 

34 

.  24625 

.062111 

.39736 

31 

.22965 

.052271 

.36291 

.05 

.25104 

.065398 

.40845 

32 

.23446 

.055222 

.37366 

•36 

.25580 

.068793 

.41964 

33 

.23924 

.058267 

.38449 

37 

.  26054 

.072301 

.43096 

34 

.24399 

.061410 

•39541 

38 

.26526 

.075927 

.44240 

35 

.24872 

.064656 

.  40642 

39 

.26997 

.079675 

•45399 

36 

•25342 

.068008 

•41755 

.40 

.27468 

•083553 

•46573 

37 

.25810 

.071472 

.42879 

41 

.27938 

•087565 

•47764 

38 

.26276 

•075051 

.44016 

42 

.28407 

.091719 

•48973 

39 

.26741 

.078752 

.45168 

43 

.28877 

.096021 

.  50201 

40 

.27206 

.082580 

.46334 

44 

.29346 

.  160479 

•51449 

41 

.  27669 

.086541 

•47517 

45 

.29817 

.105100 

•52719 

42  . 

.28133 

.090641 

.48718 
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Y  =  4-9 

r=s.o 

9 

X 

Y 

T 

<p 

X 

Y 

T 

0 

0 

43 

.28596 

.094887 

.49938 

16 

.14822 

.017456 

.  20363 

44 

.  29060 

.099287 

.51178 

17 

.15426 

.019245 

.21434 

45 

•29524 

.  103848 

.52440 

18 

.16015 

.O2IIOI 

•22497 

19 

.16590 

.023024 

•23553 

20 

.17152 

.025014 

.  24604 

y  =  5-o 

21 

.17703 

.027072 

.25650 

22 

.18243 

.029200 

.  26694 

<p 

X 

Y 

T 

23 

•18773 

.031397 

•27735 

24 

.19295 

.033665 

.38776 

0 

3 

.  08044 

.002455 

.06425 

25 

.  19809 

.036007 

.29816 

2 

.04383 

.000828 

.03902 

26 

.20315 

.038423 

•30858 

+  1 

.01925 

.000174 

.01832 

27 

.20816 

.040916 

.31902 

T 

+ 

H~ 

28 

.21310 

.043488 

.32949 

O 

.000000 

.000000 

.00000 

29 

.21798 

.046142 

.34000 

i 

30 

.22282 

.048879 

•35056 

—  I 

.01612 

.000137 

.01677 

31 

.22762 

.051703 

.36118 

2 

.03015 

.000502 

.03242 

32 

.23237 

.054618 

.37186 

3 

.04266 

.001046 

.04721 

33 

.23709 

.057626 

.38263 

4 

.05401 

.001740 

.06131 

34 

.24179 

.  060730 

•39348 

5 

.06446 

.002560 

.07486 

35 

.24645 

.063936 

.40443 

6 

.07416 

•003493 

.08793 

36 

.25109 

.067247 

.41548 

7 

.08324 

.004527 

.  10060 

37 

.25571 

.070667 

.42666 

8 

.09181 

.005654 

.11294 

38 

.26032 

.074202 

.43796 

9 

•09993 

.006868 

.12497 

39 

.26491 

.077857 

.44940 

10 

.10767 

.008162 

•13675 

40 

.26950 

.081637 

.  46099 

ii 

.11506 

•009533 

.14831 

41 

.27408 

.085548 

•47275 

12 

.12217 

.010977 

•15967 

42 

.27865 

.089596 

.48468 

13 

.12901 

.012494 

.17087 

43 

.28323 

.093789 

.49680 

14 

.13562 

.014080 

.18191 

44 

.28781 

.098133 

•50913 

15 

.14201 

•015734 

.19283 

45 

.29239 

.  102636 

.52167 

VII.    TABLE  OF  VALUES   OF 
=  193.1447  ta  INCHES. 


t 

h 

t 

h 

t 

h 

t 

h 

Inches. 

Inches. 

Inches. 

Inches. 

O.IO 

I-93I4 

O.2I 

8.5177 

0.32 

19.778 

0-43 

35-71? 

.11 

2.3371 

.22 

9.3482 

-33 

21.034 

•44 

37-393 

.12 

2.7813 

•23 

IO.2I7 

•34 

22.328 

•  45 

39.112 

•13 

3.2641 

.24 

11.125 

•  35 

23.660 

.46 

40.869 

.14 

3.7856 

•25 

12.072 

•  36 

25.032 

•  47 

42.666 

•15 

4.3458 

.26 

13.057 

•  37 

26.442 

.48 

44.501 

.16 

4-9445 

.27 

14.080 

•38 

27.890 

•  49 

46.374 

•I? 

5-5819 

.28 

15.143 

•39 

29.377 

•  50 

48.286 

.18 

6.2579 

.29 

16.244 

.40 

30  .  903 

•  51 

50.237 

.19 

6.9725 

•30 

17.333 

.41 

32.468 

•  52 

52.226 

.20 

7.7258 

•31 

18.561 

.42 

34-071 

•  53 

54-254 

99 


VIII.    A  GENEKAL  TABLE  OF  VALUES 
FOE  OGIYAL-HEADED   SHOT. 


OF   -s 
w 


V. 

0 

1 

2 

3I 

* 

5 

6 

7 

8 

9 

F-s. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet 

Feet 

Feet 

Feet. 

Feet. 

54 

I  7303 

7250 

7197 

7144 

7092 

7039 

6987 

6935 

6883 

6832 

55 

I  6780 

6729 

6678 

6627 

6577 

6526 

6476 

6426 

6376 

6326 

56 

I  6276 

6227 

6178 

6129 

6080 

6031 

5982 

5934 

5886 

5838 

57 

I  5790 

5742 

5695 

5647 

5600 

5553 

5506 

5459 

5413 

5366 

58 

I  5320 

5274 

5228 

5182 

5137 

5091 

5046 

5001 

4956 

4911 

59 

I  4866 

4822 

4777 

4733 

4689 

4645 

4601 

4558 

4514 

4471 

60 

I  4428 

4385 

4342 

4299 

4256 

4214 

4171 

4129 

4087 

4045 

61 

I  4003 

3962 

3920 

3879 

3838 

3796 

3755 

3714 

3674 

3633 

62 

I  3593 

3552 

3512 

3472 

3432 

3392 

3353 

3313 

3274 

3234 

63 

I  3195 

3156 

3"7 

3079 

3040 

3001 

2963 

2925 

2886 

2848 

64 

I  2810 

2772 

2735 

2697 

2660 

2622 

2585 

2548 

2511 

2474 

65 

I  2437 

2400 

2364 

2327 

229! 

2255 

2218 

2182 

2146 

2III 

66 

2075 

2039 

2004 

1969 

1933 

1898 

1863 

1828 

1793 

i7?8 

67 

1724 

1689 

1655 

1620 

1586 

1552 

1518 

1484 

1450 

1417 

68 

1383 

1349 

1316 

1283 

1250 

1216 

1183 

1150 

1118 

1085 

69 

1052 

lOig 

0987 

0955 

0922 

0890 

0858 

0826 

0794 

0762 

70 

0731 

0699 

0667 

0636 

0605 

0573 

0542 

0511 

0480 

0449 

71 

I  0418 

0387 

0357 

0326 

0296 

0265 

0235 

0205 

0174 

0144 

72 

i  0114 

0084 

0055 

0025 

9995 

9966 

9936 

9907 

9877 

9848 

73 

9819 

9790 

9761 

9732 

9703 

9674 

9646 

9617 

9588 

9560 

74 

9531 

9503 

9475 

9447 

9419 

9391 

9363 

9335 

9307 

9279 

75 

9252 

9224 

9197 

9169 

9142 

9"5 

9087 

9060 

9°33 

9006 

76 

8979 

8952 

8926 

8899 

8872 

8846 

8819 

8793 

8766 

8740 

77 

8714 

8688 

8662 

8636 

8610 

8584 

8558 

8532 

8507 

8481 

78 

8455 

8430 

8404 

8354 

8379 

8329 

8303 

8278 

8253 

8228 

79 

8203 

8179 

8154 

8129 

8104 

8080 

8055 

8031 

8006 

7982 

80 

7958 

7934 

7909 

7885 

7861 

7837 

78i3 

7789 

7766 

7742 

81 

7718 

7694 

7671 

7647 

7624 

7600 

7577 

7554 

7531 

7507 

82 

7484 

7461 

7438 

7415 

7392 

7369 

7347 

7324 

7301 

7279 

83 

7256 

7234 

7211 

7189 

7166 

7144 

7122 

7100 

7078 

7055 

84 

7033 

7011 

6990 

6968 

6946 

6924 

6902 

6881 

6859 

6837 

85 

6816 

6794 

6773 

6752 

6730 

6709 

6688 

6667 

6646 

6625 

86 

6604 

6583 

6562 

6541 

6520 

6499 

6478 

6458 

6437 

6417 

87 

6396 

6375 

6355 

6335 

6314 

6294 

6274 

6254 

6233 

6213 

88 

6193 

6173 

6i53 

6i33 

6113 

6093 

6074 

6054 

6034 

6014 

89 

5995 

5975 

5956 

.5936 

591? 

5897 

5878 

5859 

5839 

5820 

90 

5801 

5782 

5763 

5744 

5725 

5706 

5687 

5668 

5649 

5631 

9i 

5612 

5593 

5575 

5556 

5538 

5519 

5501 

5483 

5464 

5446 

92 

5428 

54io 

5392 

5374 

5356 

5338 

5321 

5303 

5285 

5268 

93 

5250 

5232 

5215 

5198 

5180 

5163 

5146 

5129 

51" 

5094 

94 

5077 

5060 

5044 

5027 

5010 

4993 

4976 

4960 

4943 

4927 

95 

4910 

4894 

4847 

4861 

4845 

4829 

4812 

4796 

4780 

4764 

96 

4749 

4733 

4717 

4701 

4686 

4670 

4654 

4639 

4624 

4608 

97 

4593 

4578 

4562 

4547 

4532 

4517 

4502 

4487 

4473 

4458 

98 

4443 

4429 

4414 

4399 

4385 

4371 

4356 

4342 

4328 

4314 

100 


Y. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

F-s. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

99 

4300 

4285 

4271 

4258 

4244 

4230 

4216 

4203 

4189 

4176 

IOO 

4162 

4149 

4136 

4123 

4IIO 

4097 

4084 

4071 

4058 

4045 

IOI 

4033 

4020 

4008 

3995 

3983 

3970 

3958 

3946 

3934 

3921 

IO2 

3910 

3898 

3886 

3874 

3863 

3851 

3840 

3829 

38i7 

3806 

103 

3795 

3784 

3773 

3762 

3751 

3740 

3730 

3719 

3708 

3698 

I04 

3687 

3677 

3666 

3656 

3646 

3636 

3626 

3616 

3606 

3596 

105 

3586 

3576 

3567 

3557 

3547 

3538 

3528 

3519 

3510 

3501 

106 

3491 

3482 

3473 

3464 

3455 

3446 

3438 

3429 

3420 

34" 

107 

3402 

3394 

3385 

3377 

3368 

336o 

3351 

3343 

3334 

3326 

108 

3318 

33io 

3301 

3293 

3285 

3277 

3269 

3261 

3252 

3244 

log 

3236 

3228 

3220 

3213 

3205 

3197 

3189 

3181 

3173 

3165 

110 

3158 

3150 

3142 

3134 

3127 

3H9 

3"! 

3103 

3096 

3088 

ill 

3080 

3073 

3065 

3058 

3050 

3043 

3035 

3028 

3020 

3013 

112 

3005 

2998 

2990 

2983 

2976 

2968 

2961 

2953 

2946 

2939 

"3 

2931 

2924 

2917 

2910 

2902 

2895 

2888 

2881 

2874 

2867 

114 

2859 

2852 

2845 

2838 

2831 

2824 

2817 

2810 

2803 

2796 

"5 

2789 

2782 

2775 

2768 

2761 

2754 

2747 

2740 

2733 

2727 

116 

2720 

2713 

2706 

2699 

2692 

2686 

2679 

2672 

2665 

2659 

117 

2652 

2645 

2638 

2632 

2625 

26l8 

26l2 

2605 

2598 

2592 

118 

2585 

2579 

2572 

2566 

2559 

2552 

2546 

2539 

2533 

2526 

119 

2520 

2513 

2507 

2500 

2494 

2488 

2481 

2475 

2468 

2462 

1  20 

2456 

2449 

2443 

2436 

2430 

2424 

2417 

2411 

2405 

2399 

121 

2392 

2386 

2380 

2374 

2367 

2361 

2355 

2349 

2342 

2336 

122 

•2330 

2324 

2318 

2312 

2306 

2299 

2293 

2287 

2281 

2275 

123 

2269 

2263 

2257 

2251 

2245 

2239 

2233 

2227 

2221 

2215 

124 

2209 

2203 

2197 

2191 

2185 

2179 

2173 

2167 

2161 

2155 

125 

2149 

2143 

2138 

2132 

2126 

2I2O 

2114 

2108 

2IO2 

2097 

126 

2091 

2085 

2079 

2073 

2068 

2O62 

2056 

2050 

2045 

2039 

127 

2033 

2028 

2022 

2016 

2OII 

2005 

1999 

1994 

1988 

1982 

128 

1977 

1971 

I965 

1960 

1954 

1948 

1943 

1937 

1932 

1926 

129 

1921 

19*5 

1909 

1904 

1898 

1893 

1887 

1882 

1876 

1871 

I3O 

1865 

1860 

1854 

1849 

1844 

1838 

1833 

1827 

1822 

1816 

131 

1811 

1806 

1800 

1795 

1789 

1784 

1779 

1773 

1768 

1762 

132 

1757 

1752 

1746 

1741 

1736 

1730 

1725 

1720 

1715 

1709 

133 

1704 

1699 

1693 

1688 

1683 

1678 

1672 

1667 

1662 

1657 

134 

1651 

1646 

1641 

1636 

1631 

1625 

l62O 

1615 

1610 

1605 

135 

1599 

1594 

1589 

1584 

1579 

1574 

1569 

1564 

1558 

1553 

136 

1548 

1543 

1538 

1533 

1528 

1523 

1518 

1513 

1508 

1503 

137 

1498 

1493 

1488 

1483 

1477 

1472 

1467 

1462 

1457 

1452 

133 

1447 

1442 

J437 

1432 

1427 

1422 

1418 

1413 

1408 

1403 

139 

1398 

1393 

1388 

1383 

1378 

1373 

1368 

1363 

1358 

1353 

140 

1348 

1344 

1339 

1334 

1329 

1324 

1319 

I3H 

1309 

1304 

141 

1300 

I2Q5 

1290 

1285 

I2SO 

1275 

1270 

1266 

1261 

1256 

142 

1251 

1246 

1242 

1237 

1232 

1227 

1222 

1217 

1213 

1208 

143 

1203 

1198 

"93 

1189 

1184 

"79 

"74 

1170 

"65 

1160 

144 

H55 

U5I 

1146 

1141 

1136 

1132 

1127 

1122 

1118 

i"3 

145 

1108 

1103 

1099 

1094 

lOSg 

1085 

I08O 

1075 

1070 

1066 

146 

1061 

1056 

1052 

1047 

IO42 

1038 

1033 

1028 

1024 

1019 

147 

1014 

IOIO 

1005 

IOOI 

996 

991 

987 

982 

977 

97b 

148 

968 

963 

959 

954 

950 

945 

940 

936 

931 

927 

149 

922 

917 

913 

908 

904 

899 

894 

890 

885 

881 

101 


Y. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

F-s. 

Feet. 

Feet 

Feet. 

Feet. 

Feet. 

Feet 

Feet 

Feet. 

Feet 

Feet. 

150 

876 

87I 

867 

862 

858 

853 

849 

844 

840 

835 

151 

830 

826 

821 

8I7 

812 

808 

803 

799 

794 

790 

152 

785 

78l 

776 

771 

767 

762 

758 

753 

749 

744 

153 

740 

735 

731 

726 

722 

717 

713 

708 

704 

699 

154 

695 

690 

686 

68  1 

676 

672 

668 

663 

659 

654 

155 

650 

645 

641 

637 

632 

628 

623 

619 

614 

610 

156 

605 

601 

596 

592 

588 

583 

579 

574 

570 

565 

157 

561 

556 

552 

548 

543 

539 

534 

530 

525 

521 

158 

516 

512 

508 

503 

499 

494 

490 

486 

481 

477 

159 

472 

468 

464 

459 

455 

450 

446 

442 

437 

433 

1  60 

428 

424 

420 

415 

411 

406 

402 

398 

393 

389 

161 

385 

380 

376 

371 

367 

363 

358 

354 

350 

345 

162 

341 

337 

332 

328 

324 

319 

315 

310 

306 

302 

163 

297 

293 

289 

284 

280 

276 

271 

267 

263 

258 

164 

254 

250 

245 

241 

237 

232 

228 

224 

220 

215 

165 

211 

207 

202 

198 

194 

189 

185 

181 

J77 

172 

166 

168 

164 

160 

155 

151 

147 

142 

138 

134 

130 

167 

126 

121 

117 

"3 

109 

104 

IOO 

96 

92 

88 

168 

83 

79 

75 

71 

67 

62 

58 

54 

50 

46 

169 

41 

37 

33 

29 

25 

21 

17 

12 

8 

4 

IX.    A  GENERAL  TABLE  OF  VALUES  OF  ~t 
FOR  OGIYAL-HEADED  SHOT. 

Stars  (*)  indicate  that  the  unit  figure  is  to  be  taken  from  the  line  next  below. 


V. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

F-s. 

Seconds. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

54 

22.078 

".980 

*.882 

*.784 

*.688 

*.J92 

*.4g6 

*.40i 

*.3o6 

*.2I2 

55 

2I.II8 

.025 

*-933 

*.84i 

*.749 

*.6s8 

*-567 

*-477 

*.388 

*.299 

56 

2O.2IO 

.122 

•034 

*-947 

*.86o 

*-774 

*.688 

*.6o3 

*.5i8 

*-433 

57 

19-349 

.265 

.182 

.099 

.017 

*-935 

*-854 

*-773 

*.6g2 

*.6l2 

58 

18.532 

•453 

•374 

•  295 

.217 

•  139 

.062 

*.985 

*.9o8 

*.832 

59 

17.756 

.681 

.606 

•531 

•  457 

•383 

•  309 

.236 

.163 

.091 

60 

17.019 

*-947 

*.8?6 

*.8os 

"•734 

*.664 

*-594 

*-524 

*-455 

*.3S6 

61 

16.318 

.249 

.182 

.114 

•  047 

*.g8o 

*-9i3 

*.847 

*.78i 

*.7I5 

62 

15.650 

.585 

.520 

•456 

•  392 

.328 

.265 

.201 

•  139 

.076 

63 

15-014 

*-952 

*.890 

*.82g 

'.768 

*.7Q7 

*.647 

*.586 

*.526 

*.467 

64 

14.407 

.348 

.290 

.231 

•  173 

•  US 

•  057 

*-999 

*.942 

*.88s 

65 

13.829 

.772 

.716 

.660 

.605 

•  549 

•494 

•  439 

.385 

•330 

66 

13.276 

.222 

.168 

•  US 

.062 

.009 

*-956 

*.go4 

*.852 

*.8oo 

67 

12.748 

.696 

.645 

•  594 

•  543 

•493 

•  442 

.392 

•  342 

.292 

68 

12.243 

.194 

•  145 

.096 

.047 

*-999 

*-95o 

*.go3 

*.S55 

*.8o7 

69 

II.760 

.713 

.666 

.619 

•  572 

.526 

.480 

•  434 

.388 

•  343 

70 

11.297 

.252 

.207 

.162 

.118 

•073 

.029 

*.9S5 

*.94i 

*-.  898 

71 

10.854 

.811 

.768 

.725 

.682 

•639 

•597 

•  555 

•513 

.471 

102 


y. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

F-s. 

Seconds. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

72 

10.429 

.388 

•  346 

.305 

.264 

.223 

.183 

.142 

.102 

.062 

73 

IO.O22 

*.g82 

*.g42 

*.g03 

*.863 

*.824 

*.785 

*.74& 

*.7o8 

*.66g 

74 

9.631 

.592 

•  554 

.516 

•478 

.441 

•403 

.366 

•  329 

.292 

75 

9-255 

.218 

.182 

•145 

.109 

•  073 

.037 

.001 

*.g6s 

*.93<J 

76 

8.894 

•  859 

.824 

.789 

•  754 

.719 

.684 

.650 

.616 

.581 

77 

8-547 

.513 

.480 

.446 

.412 

•  379 

.346 

.312 

.279 

.246 

78 

8.214 

.181 

.148 

.116 

.084 

.052 

.020 

*.g88 

*-956 

*.g24 

79 

7.893 

.861 

.830 

•799 

.768 

•  737 

.706 

•  675 

•  645 

.614 

80 

7.584 

•  553 

.523 

•493 

•  463 

•  453 

.404 

•  374 

•345 

.315 

81 

7.286 

.257 

.228 

.199 

.170 

.141 

•113 

.084 

.056 

.027 

82 

6.999 

.971 

•  943 

.915 

.887 

•  859 

.832 

.804 

•  777 

•  750 

83 

6.722 

.695 

.668 

.641 

.615 

.588 

.561 

•  535 

.508 

.482 

84 

6.456 

.430 

.404 

•  378 

•  352 

.326 

.300 

•275 

•  249 

.224 

85 

6.198 

.173 

.148 

.123 

.098 

.073 

.048 

.024 

*-999 

*-974 

86 

5-950 

.926 

.901 

•  877 

.853 

.829 

.805 

.781 

•  757 

•  734 

87' 

5-710 

.686 

.663 

.640 

.616 

•593 

•570 

•547 

•  524 

.501 

88 

5.478 

•  455 

•  433 

.410 

.388 

•  365 

•  343 

.321 

.298 

.276 

89 

5-254 

.232 

.210 

.188 

.167 

•  145 

.123 

.102 

.080 

•  osg 

90 

5-038 

.016 

*-995 

*-974 

*-953 

*.932 

*.gn 

*.8go 

*.87o 

*.84g 

91 

4.829 

.808 

.788 

.768 

•  747 

.727 

.707 

.687 

.667 

.648 

92 

4.628 

.608 

•589 

•  569 

•550 

•531 

•  Sir 

.492 

•  473 

•454 

93 

4-435 

.417 

.398 

•379 

.361 

•  342 

.324 

•  305 

.287 

.269 

94 

4-251 

•  233 

.215 

.197 

.179 

.161 

.144 

.126 

.109 

.091 

95 

4.074 

•  057 

•039 

.022 

.005 

*.gS8 

•.971 

*-955 

*.g3S 

*.g2i 

96 

3-9°5 

.888 

.872 

.856 

•  839 

.823 

.807 

.791 

•775 

•  759 

97 

3-743 

.728 

.712 

.697 

.681 

.666 

.650 

.635 

.620 

.605 

98 

3-59° 

•  575 

.560 

•546 

•  531 

.516 

.502 

.487 

•  473 

•459 

99 

3-444 

•  430 

.416 

.402 

•  389 

•375 

.361 

•  347 

•334 

.320 

100 

3.307 

.294 

.281 

.267 

•  254 

.241 

.229 

.216 

.203 

.igo 

101 

3.178 

.165 

•153 

.141 

.128 

.116 

.104 

.092 

.080 

.069 

IO2 

3-057 

.045 

•  034 

.022 

.on 

*-999 

*.g88 

*-977 

*.g66 

*-955 

103 

2.944 

.933 

.922 

.911 

.901 

.890 

.880 

.869 

•  859 

.849 

104 

2.839 

.829 

.819 

.809 

•799 

•  789 

.780 

.770 

.761 

•751 

105 

2.742 

•  733 

.724 

.714 

.705 

.696 

.687 

.679 

.670 

.661 

106 

2.652 

.644 

.635 

.627 

.618 

.610 

.602 

•  593 

•  585 

•  577 

107 

2.569 

.561 

•553 

•545 

•  537 

•529 

.521 

•513 

•  505 

.498 

108 

2.490 

.482 

•475 

.467 

•  459 

•  452 

•444 

•  437 

•430 

.422 

109 

2.415 

.407 

.400 

•393 

.386 

•378 

•  371 

•  364 

•357 

•350 

no 

2-343 

.336 

•  329 

.321 

•314 

•307 

.301 

•  294 

.287 

.280 

III 

2.273 

.266 

•  259 

.252 

.246 

•  239 

.232 

.225 

.219 

.212 

112 

2.205 

.199 

.192 

.186 

.179 

.172 

.166 

•  159 

.153 

.146 

"3 

2.140 

•  134 

.127 

.121 

.114 

.108 

.102 

•095 

.089 

.083 

114 

2.076 

.070 

.064 

.058 

.052 

•  045 

•039 

•  033 

.027 

.O2I 

"5 

2.015 

.009 

.003 

*-997 

*.ggi 

*.985 

*-979 

*-973 

*.g67 

*.g6l 

116 

1-955 

•949 

•  943 

•  937 

•  931 

.926 

.920 

.914 

.908 

.go2 

117 

1.897 

.891 

.885 

.880 

.874 

.868 

.863 

•  857 

.851 

.846 

118 

1.840 

•  834 

.829 

.823 

.818 

.812 

.807 

.801 

.796 

.790 

119 

1.785 

•  779 

•  774 

.768 

•  763 

•  758 

•  752 

•  747 

•  742 

•  736 

103 


V. 

0 

1 

2 

3 

4 

5 

6 

T 

8 

9 

F-s. 

Seconds. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

120 

I-73I 

.726 

.720 

•715 

.710 

•705 

.699 

.694 

.689 

.684 

121 

1.678 

•673 

.668 

-663 

.658 

•  653 

.648 

.642 

•637 

•  632 

122 

1.627 

.622 

.617 

.612 

.607 

.602 

-597 

•592 

.587 

.582 

123 

1-577 

•572 

.568 

.563 

-558 

•  553 

.548 

•  543 

•538 

•  533 

124 

1.529 

.524 

.519 

•514 

•509 

•  505 

.500 

•  495 

.490 

.486 

"5 

1.481 

.476 

.471 

.467 

.462 

•  457 

-453 

.448 

•444 

•  439 

126 

1-434 

•  430 

.425 

.420 

.416 

.4" 

.407 

.402 

.398 

•  393 

127 

1.389 

.384 

.380 

•375 

•371 

-366 

.362 

•  357 

•353 

•  349 

128 

1-344 

•340 

•  335 

•331 

•327 

.322 

.318 

•314 

•  309 

•  305 

129 

1.301 

.296 

.292 

.288 

.284 

•  279 

-275 

.271 

.267 

.262 

130 

1.258 

.254 

.250 

•245 

.241 

-237 

•  233 

.229 

.225 

.220 

131 

1.  216 

.212 

.208 

.204 

.2OO 

.196 

.192 

.188 

.184 

.179 

132 

I-  175 

.171 

.167 

.163 

•159 

•  155 

•  151 

.147 

•T43 

•  139 

133 

I-I35 

.131 

.127 

.123 

.I2O 

.116 

.112 

.108 

.104 

.100 

134 

1.096 

.092 

.088 

.084 

.O8l 

.077 

•073 

.069 

.065 

.061 

135 

1-058 

-054 

.050 

.046 

.042 

•  039 

•035 

.031 

.027 

.'023 

136 

i.  020 

.Ol6 

.012 

.008 

.005 

.001 

*-997 

*-994 

*.9go 

*.g86 

137 

0.982 

•979 

•  975 

.971 

.968 

.964 

.961 

•  957 

•  953 

•  950 

138 

.946 

•942 

•939 

•935 

•932 

.928 

.924 

.921 

.917 

.914 

139 

.910 

.907 

•  903 

.899 

.896 

.892 

.889 

.885 

.882 

.878 

I4O 

.875 

.871 

.868 

.864 

.861 

-857 

•  854 

.850 

•  847 

•  843 

141 

.840 

.836 

-833 

•  830 

.826 

.823 

.819 

.816 

.813 

.809 

142 

.806 

.802 

•799 

.796 

•792 

•  789 

•  785 

.782 

•  779 

•  775 

143 

•772 

.769 

.765 

.762 

•759 

•  755 

•  752 

•  749 

•  745 

.742 

144 

•739 

•  736 

•  732 

.729 

.726 

.722 

.719 

.716 

.713 

•  709 

145 

.706 

•  703 

.700 

.696 

•  693 

.690 

.687 

.683 

.680 

.677 

146 

.674 

.671 

.667 

.664 

.661 

.658 

.655 

.651 

.648 

•  645 

147 

.642 

•  639 

-636 

.632 

.629 

.626 

.623 

.620 

.617 

.614 

148 

.610 

.607 

.604 

.601 

.598 

-595 

.592 

•  589 

.586 

.583 

149 

-579 

•  576 

•  573 

•  570 

.567 

-564 

.561 

•  558 

•  555 

.  -552 

150 

•549 

•  546 

•  543 

•540 

•537 

•  534 

•  531 

.528 

•  524 

.521 

I5i 

.518 

•  515 

.512 

•509 

.506 

-503 

.500 

•  497 

•  494 

.491 

152 

.488 

•  485 

.482 

.480 

•  477 

•  474 

•  471 

.468 

-465 

.462 

153 

•459 

.456 

•  453 

•  450 

•  447 

•  444 

•  441 

•  438 

•  435 

•432 

154 

.429 

.427 

•  424 

.421 

.418 

.415 

.412 

•409 

.406 

•  403 

155 

.400 

.398 

•395 

•392 

•389 

.386 

.383 

.380 

•  377 

•  375 

156 

•372 

•  369 

.366 

•  363 

.360 

•  358 

•  355 

•  352 

349 

.346 

157 

•343 

•  341 

•338 

-335 

•  332 

•  329 

.326 

•  324 

.321 

.318 

158 

.315 

.312 

.310 

•307 

•304 

.301 

.298 

.296 

•  293 

.290 

159 

.287 

.285 

.282 

•279 

.276 

.274 

.271 

.268 

.265 

.263 

160 

.260 

•  257 

•254 

.252 

.249' 

.246 

•  243 

.241 

.238 

-235 

161 

.232 

.230 

.227 

.224 

.222 

.219 

.216 

,.214 

.211 

.208 

162 

.205 

.203 

.200 

.197 

•195 

.192 

.189 

.187 

.184 

.181 

163 

.179 

.176 

•173 

.171 

.168 

.165 

.163 

.160 

•157 

•  155 

164 

.152 

.150 

.147 

.144 

.142 

-139 

.136 

•  134 

.131 

.129 

165 

.126 

.123 

.121 

.118 

.116 

."3 

.no 

.108 

.105 

.103 

166 

.100 

.097 

-095 

.092 

.090 

.087 

.085 

.082 

.080 

.077 

167 

-075 

.072 

.070 

.067 

.064 

.062 

•  059 

•  057 

•054 

.052 

168 

.049 

.047 

.044 

.042 

•039 

•  037 

•  034 

.032 

.029 

.027 

169 

.024 

.022 

.O2O 

.017 

.015 

.012 

.010 

.007 

.005 

.002 
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X.    A  GEKEKAL  TABLE  OF  VALUES  OF  ^ 
FOE  SPHEEICAL   SHOT. 


Y. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

F-s. 

Feet. 

Feet 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

50 

10649 

O62O 

0592 

0563 

0535 

0506 

0478 

0450 

0422 

0394 

51 

10366 

0338 

0310 

0283 

0255 

0228 

O2OI 

0174 

0147 

OI2O 

52 

10093 

OO66 

0040 

0013 

*9g87 

9961 

9935 

9909 

9883 

9857 

53 

9831 

9805 

9779 

9754 

9729 

9703 

9678 

9653 

9628 

9603 

54 

9578 

9553 

9529 

9504 

9480 

9455 

9431 

9407 

9383 

9359 

55 

•  9335 

93ii 

9287 

9263 

9240 

9216 

9193 

9169 

9146 

9123 

56 

OIOO 

9077 

9054 

9031 

9008 

8986 

8963 

8941 

8918 

8896 

57 

8873 

8851 

8829 

8807 

8785 

8763 

8741 

8719 

8698 

8676 

58 

8655 

8633 

8612 

8591 

8569 

8548 

8527 

8506 

8485 

8464 

59 

8443 

8423 

8402 

8381 

8361 

8340 

8320 

8300 

8279 

8259 

60 

8239 

8219 

8199 

8179 

8i59 

8139 

8120 

8lOO 

8o8l 

8061 

6l 

8041 

8022 

8003 

7983 

7964 

7945 

7926 

7907 

7888 

7869 

62 

7850 

7832 

7813 

7794 

7776 

7757 

7739 

7720 

7702 

7683 

63 

7665 

7647 

7629 

7611 

7593 

7575 

7557 

7539 

7521 

7504 

64 

7486 

7468 

7451 

7433 

74i6 

7398 

738i 

7364 

7346 

7329 

65 

7312 

7295 

7278 

7261 

7244 

7227 

7210 

7194 

7177 

7160 

66 

7144 

7127 

7110 

7094 

7078 

7061 

7045 

7029 

7012 

6996 

67 

6980 

6964 

6948 

6932 

6916 

6900 

6884 

6868 

6853 

6837 

68 

6821 

6806 

6790 

6775 

6759 

6744 

6728 

6713 

6698 

6682 

69 

6667 

6652 

6637 

6622 

6607 

6592 

6577 

6562 

6547 

6532 

70 

6517 

6503 

6488 

6473 

6459 

6444 

6430 

6415 

6401 

6386 

71 

6372 

6358 

6343 

6329 

6315 

6301 

6287 

6273 

6259 

6245 

72 

6231 

6217 

6203 

6189 

6i75 

6161 

6148 

6i34 

6l2O 

6107 

73 

6093 

6079 

6066 

6052 

6039 

6026 

6012 

5999 

5986 

5972 

74 

5959 

5946 

5933 

5920 

5907 

5894 

5881 

5868 

5855 

5842 

75 

5829 

5816 

5803 

5790 

5778 

5765 

5752 

5740 

5727 

5714 

76 

5702 

5689 

5677 

5665 

5652 

5640 

5627 

5615 

5603 

5591 

77 

5573 

5566 

5554 

5542 

5530 

55i8 

5506 

5494 

5482 

5470 

78 

5458 

5446 

5434 

5423 

5411 

5399 

5387 

5376 

5364 

5352 

79 

5341 

5329 

5318 

5306 

5295 

5283 

5272 

5260 

5249 

5238 

80 

5226 

5215 

5204 

5193 

5181 

5170 

5159 

5148 

5137 

5126 

81 

5H5 

5104 

5093 

5082 

5071 

5060 

5049 

5038 

5027 

5017 

82 

5006 

4995 

4984 

4974 

4963 

4952 

4942 

4931 

4921 

4910 

83 

4900 

4889 

4879 

4868 

4858 

4847 

4837 

4827 

4817 

4806 

84 

4796 

4786 

4776 

4765 

4755 

4745 

4735 

4725 

4715 

4705 

85" 

4695 

4685 

4675 

4665 

4655 

4645 

4635 

4625 

4615 

4605 

86 

4596 

4586 

4576 

4566 

4557 

4547 

4537 

4528 

4518 

4509 

87 

4499 

4490 

4480 

4471 

4461 

4452 

4442 

4433 

4423 

4414 

88 

4405 

4395 

4386 

4377 

4367 

4358 

4349 

4340 

4331 

4321 

89 

4312 

4303 

4294 

4285 

4276 

4267 

4258 

4249 

4240 

4231 

90 

4222 

4213 

4204 

4195 

4186 

4177 

4169 

4160 

4151 

4142 

91 

4134 

4"5 

4116 

4107 

4099 

4090 

4081 

4073 

4064 

4056 
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V. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

F-s. 

Feet 

Feot. 

Feet. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet. 

Feet 

92 

4047 

4039 

4030 

4022 

4013 

4005 

3996 

3988 

3980 

3971 

93 

3963 

3954 

3946 

3938 

3930 

3921 

39J3 

3905 

3897 

3888 

94 

3880 

3872 

3864 

3856 

3848 

3840 

3832 

3823 

3815 

3807 

95 

3799 

3791 

3784 

3776 

3768 

3760 

3752 

3744 

3736 

3728 

96 

3721 

3713 

3705 

3697 

3689 

3682 

3674 

3666 

3659 

3651 

97 

3643 

3636 

3628 

3621 

3613 

3606 

3598 

3591 

3583 

3576 

98 

3568 

356i 

3553 

3546 

3539 

353* 

3524 

35i6 

3509 

3502 

99 

3495 

3487 

3480 

3473 

3466 

3458 

3451 

3444 

3437 

3430 

IOO 

3423 

34i6 

3409 

3402 

3395 

3388 

3381 

3374 

3367 

3360 

IOI 

3353 

3346 

3339 

3332 

3325 

3319 

33" 

3305 

3298 

3291 

IO2 

3285 

3278 

3271 

3265 

3258 

3251 

3245 

3238 

3231 

3225 

103 

3218 

3212 

3205 

3199 

3192 

3186 

3179 

3173 

3166 

3160 

IO4 

3154 

3147 

3141 

3135 

3128 

3122 

3116 

3109 

3103 

3097 

105 

3091 

3084 

3078 

3072 

3066 

3060 

3054 

3048 

304? 

3035 

106 

3029 

3023 

3017 

3011 

3005 

2999 

2993 

2987 

2982 

2976 

107 

2970 

2964 

2958 

2952 

2946 

2941 

2935 

2929 

2923 

2918 

108 

2912 

2906 

2900 

2895 

2889 

2883 

2878 

2872 

2866 

286l 

109 

2855 

2850 

2844 

2838 

2833 

2827 

2822 

2816 

2811 

2805 

no 

2800 

2794 

2789 

2784 

2778 

.2773 

2767 

2762 

2757 

2751 

in 

2746 

2741 

2735 

2730 

2725 

2719 

2714 

2709 

2704 

2698 

112 

2693 

2688 

2683 

2678 

2672 

2667 

2662 

2657 

2652 

2646 

H3 

2641 

2636 

2631 

2626 

2621 

2616 

2611 

2606 

2601 

2596 

114 

2591 

2586 

2581 

2576 

2571 

2566 

2561 

2556 

2551 

2547 

"5 

2541 

2536 

2531 

2526 

2522 

2517 

2512 

2507 

2502 

2497 

116 

2492 

2487 

2483 

2478 

2473 

2468 

2464 

2459 

2454 

2449 

117 

2444 

2440 

2435 

2430 

2426 

2421 

2416 

2411 

2407 

2402 

118 

2397 

2393 

2388 

2383 

2379 

2374 

2369 

2365 

2360 

2356 

119 

2351 

2346 

2342 

2337 

2333 

2328 

2323 

2319 

2314 

23IO 

120 

2305 

2301 

2296 

2292 

2287 

2283 

2278 

2274 

2269 

2265 

121 

2260 

2256 

2252 

2247 

2243 

2238 

2234 

2229 

2225 

222O 

122 

2216 

2212 

2207 

2203 

2199 

2194 

2190 

2185 

2181 

2177 

123 

2172 

2168 

2164 

2159 

2155 

2151 

2146 

2142 

2138 

2134 

124 

2129 

2125 

2121 

2116 

2112 

2108 

2104 

2099 

2095 

209! 

125 

2087 

2082 

2078 

2074 

2O7O 

2066 

2061 

2057 

2053 

2049 

126 

2045 

204O 

2036 

2032 

2O28 

2024 

2O2O 

2015 

2OII 

2O07 

12? 

2003 

1999 

1995 

1991 

1986 

1982 

1978 

1974 

1970 

1966 

128 

1962 

1958 

1954 

1949 

1945 

1941 

1937 

1933 

1929 

1925 

129 

1921 

1917 

19*3 

1909 

1905 

1901 

1897 

1893 

1889 

1885 

130 

1881 

1877 

1873 

1869 

1865 

1861 

1857 

1853 

1849 

1845 

131 

1841 

1837 

1833 

1829 

1825 

1821 

l8l7 

1813 

1809 

1806 

132 

1802 

1798 

1794 

1790 

1786 

1782 

1778 

1774 

1770 

1766 

133 

1763 

1759 

1755 

I75i 

1747 

1743 

1739 

1736 

1732 

1728 

134 

1724 

I72O 

1716 

1713 

1709 

1705 

I7OI 

1697 

1694 

1690 

135 

1686 

1682 

1678 

1675 

1671 

1667 

1663 

1660 

1656 

1652 

136 

1648 

1645 

1641 

1637 

1633 

1630 

1626 

1622 

1618 

l6l5 

137 

1611 

l6O7 

1603 

1600 

1596 

I592 

1589 

1585 

1581 

1578 

138 

1574 

1570 

1567 

1563 

1559 

1556 

1552 

1548 

1545 

1541 

139 

1537 

1534 

1530 

1526 

1523 

1519 

I5l6 

1512 

1508 

1505 

I4O 

1501 

1497 

1494 

1490 

1487 

1483 

1479 

1476 

1472 

1469 

141 

1465 

I46l 

1458 

1454 

1451 

1447 

1444 

1440 

1437 

1433 
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V. 

0 

1 

2 

3 

4: 

5 

6 

7 

8 

9 

F-s. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

142 

1429 

1426 

1422 

1419 

1415 

1412 

1408 

1405 

I4OI 

1398 

143 

1394 

1391 

1387 

1384 

1380 

1377 

1373 

1370 

1366 

1363 

144 

1359 

1356 

1352 

1349 

1345 

1342 

1338 

1335 

1331 

1328 

145 

I3H 

1321 

1318 

1314 

I3II 

1307 

1304 

1300 

1297 

1293 

146 

I2go 

1287 

1283 

1280 

1276 

1273 

I27O 

1266 

1263 

1259 

147 

1256 

1253 

1249 

1246 

1242 

1239 

1236 

1232 

1229 

1225 

148 

1222 

I2ig 

1^15 

1212 

1209 

1205 

I2O2 

Iigg 

"95 

1192 

149 

IlSg 

1185 

1182 

1179 

H75 

-1172 

Il6g 

1165 

1162 

"59 

ISO 

H55 

1*52 

1149 

H45 

1142 

H39 

H35 

1132 

1129 

1126 

151 

1122 

1119 

1116 

IIT2 

nog 

1106 

IIO3 

1099 

1096 

1093 

152 

IOgO 

1086 

1083 

IO8O 

1077 

1073 

IO70 

1067 

1064 

1060 

153 

1057 

1053 

1051 

1047 

1044 

1041 

1038 

1034 

1031 

1028 

154 

1025 

IO22 

1018 

IOI5 

1012 

1009 

IOO6 

IOO2 

999 

996 

155 

993 

990 

987 

983 

980 

977 

974 

971 

968 

964 

156 

961 

958 

955 

952 

949 

945 

942 

959 

936 

933 

157 

930 

927 

924 

92O 

917 

914 

911 

908 

905 

902 

158 

890 

895 

892 

889 

886 

883 

880 

877 

874 

871 

*59 

868 

864 

861 

858 

855 

852 

849 

846 

843 

840 

160 

837 

834 

831 

828 

825 

822 

818 

8i5 

812 

809 

161 

806 

803 

800 

797 

794 

791 

788 

785 

782 

779 

162 

776 

773 

770 

767 

764 

761 

758 

755 

752 

749 

163 

746 

743 

740 

737 

734 

731 

728 

725 

722 

719 

164 

716 

713 

710 

707 

704 

701 

698 

695 

692 

689 

165 

686 

683 

680 

677 

674 

672 

669 

666 

663 

660 

166 

657 

654 

651 

648 

645 

642 

639 

636 

633 

630 

167 

628 

625 

622 

619 

616 

613 

610 

607 

604 

601 

168 

598 

596 

593 

590 

587 

584 

58i 

578 

575 

572 

169 

569 

567 

564 

56i 

558 

555 

552 

549 

546 

544 

170 

54i 

538 

535 

532 

529 

526 

524 

521 

5i8 

515 

171 

512 

509 

506 

504 

501 

498 

495 

492 

489 

487 

172 

484 

481 

478 

475 

472 

470 

467 

464 

461 

458 

173 

456 

453 

450 

447 

444 

442 

439 

436 

433 

430 

174 

428 

425 

422 

419 

416 

414 

411 

408 

405 

402 

175 

400 

397 

394 

391 

389 

386 

383 

380 

377 

375 

176 

372 

369 

366 

364 

361 

358 

355 

353 

350 

347 

177 

344 

342 

339 

336 

333 

331 

328 

325 

322 

320 

178 

317 

314 

3ii 

309 

306 

303 

301 

298 

295 

292 

179 

290 

287 

284 

282 

279 

276 

273 

271 

268 

265 

180 

263 

260 

257 

255 

252 

249 

246 

244 

241 

238 

181 

236 

233 

230 

228 

22S 

222 

220 

217 

214 

212 

182 

209 

206 

204 

2OI 

198 

196 

193 

190 

188 

I85 

183 

182 

1  80 

177 

174 

172 

l6g 

166 

164 

161 

158 

184 

156 

153 

150 

148 

145 

143 

140 

137 

135 

132 

185 

129 

127 

124 

122 

119 

116 

114 

III 

108 

106 

186 

103 

IOI 

98 

95 

93 

90 

88 

85 

82 

80 

187 

77 

75 

72 

69 

67 

64 

62 

59 

57 

54 

188 

51 

49 

46 

44 

41 

39 

36 

33 

3i 

28 

I8j 

26 

23 

21 

18 

15 

13 

10 

7 

5 

3 
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XL    A  GENEEAL  TABLE  OF  VALUES   OF  -t 

w 

FOE  SPHEEICAL  SHOT. 

Stars  (*)  indicate  that  the  unit  figure  is  to  be  taken  from  the  line  next  below. 


V. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

F-s. 

Seconds. 

Sees. 

Sees. 

Sees. 

Sees.  • 

Sees. 

Sees. 

Sees.       Sees, 

Sees. 

50 

13.414 

.356 

•299 

.242 

.185 

.129 

•073 

.017    *.g62 

*.go7 

51 

12.852 

.798 

•744 

.690 

•637 

.584 

•531 

.478      .426 

•  374 

52 

12.323 

.272 

.221 

.170 

.119 

.069 

.O2O 

*.g7o   *.g2i 

*.872 

53 

11.823 

•775 

.726 

•679 

.631 

.584 

-537 

•  49°      -443 

•  397 

54 

"•351 

•  305 

•259 

.214 

.169 

.124 

.080 

.036 

*.ggi 

*.948 

55 

10.904 

.861 

.8l8 

•775 

•732 

.690 

.647 

.605 

•564 

.522 

56 

10.481 

.440 

•399 

•  358 

.318 

.278 

.238 

.ig8 

.158 

.ng 

57 

IO.O8O 

.041 

.002 

*.g64 

*.g26 

*.887 

*.84g 

*8l2 

*.774 

*-737 

58 

9.700 

.663 

.626 

•  589 

•  553 

•517 

.481 

•  445 

•  4og 

•  374 

59 

9-338 

.303 

.268 

•  234 

.199 

•  165 

.130 

.og6 

.062 

.O2g 

60 

8-995 

.962 

-929 

-895 

.863 

•  830 

•797 

.765 

•733 

.700 

61 

8.669 

•637 

.605 

•  574 

•542 

•  5" 

.480 

•449 

.419 

.388 

62 

8.358 

•  327 

•297 

.267 

•  237 

.208 

.178 

.149 

.120 

.ogo 

63 

8.06I 

•033 

.004 

*-975 

*-947 

*.gi9 

*.8go 

*.862 

*.834 

*.8o7 

64 

7.779 

•752 

•724 

.697 

.670 

•  643 

.616 

•  589 

.562 

•536 

65 

7-510 

.483. 

•457 

•431 

•405 

•  379 

•354 

.328 

•  303 

.277 

66 

7.252 

.227 

.202 

.177 

•153 

.128 

.103 

.079 

•055 

.030 

67 

7.006 

*.g82 

*.958 

*-935 

*.gii 

*.887 

*.864 

*.84i 

*.8i7 

*-794 

68 

6.771 

.748 

.725 

•  703 

.680 

•  657 

•635 

.613 

•59° 

.568 

69 

6.546 

•  524 

.502 

.481 

•459 

-437 

.416 

-394 

•  373 

•352 

70 

6-331 

.310 

.289 

.268 

•247 

.227 

.206 

.185 

.165 

•  145 

71 

6.124 

.104 

.084 

.064 

.044 

.025 

.005 

*.g85 

*.g66 

*.g46 

72 

5.927 

.907 

.888 

.869 

.850 

.831 

.812 

•  793 

•774 

•  756 

73 

5-737 

.718 

.700 

.681 

.663 

•645 

.627 

.6og 

•591 

•  573 

74 

5-555 

•  537 

•519 

.502 

.484 

.466 

•449 

•  432 

.414 

•  397 

75 

5.38o 

•363 

•346 

-329 

.312 

-295 

.278 

.261 

•  245 

.228 

76 

5-212 

•195 

.179 

•  163 

.146 

.130 

.114 

.og8 

.082 

.066 

77 

5.050 

•034 

.019 

.003 

".987 

*.g72 

*.g56 

*-94i 

*.g26 

*.gio 

78 

4.895 

.880 

.865 

•849 

•  834 

.819 

•  805 

•  79° 

•  775 

.760 

79 

4-745 

•731 

.716 

.702 

.687 

•673 

•659 

.644 

.630 

.616 

80 

4.602 

.587. 

•573 

•559 

•545 

•  532 

.518 

•  504 

•  49° 

•  476 

81 

4-463 

•449 

•  436 

.422 

.409 

•  3Q5 

.382 

•  369 

.356 

•342 

82 

4-329 

.316 

.303 

.290 

•277 

.264 

•  251 

•  239 

.226 

.213 

83 

4.200 

.188 

•  175 

.163 

•  150 

.138 

•  125 

•  US 

.101 

.088 

84 

4.076 

.064 

•  052 

.040 

.028 

.or6 

.004 

*.gg2 

*.g8o 

*.g68 

85 

3-957 

•945 

•933 

.921 

.910 

.898 

.887 

•  875 

.864 

.852 

86 

3.841 

.829 

.818 

.807 

.796 

•  784 

•  773 

.762 

•751 

•  740 

87 

3-729 

.718 

.707 

.696 

.685 

•675 

.664 

•  653 

.642 

.632 

88 

3-621 

.611 

.600 

•590 

•579 

•569 

•558 

•  548 

•  537 

.527 

«9 

3.517 

•507 

.496 

.486 

.476 

.466 

•456 

•  446 

•  436 

.426 

90 

3.416 

.406 

•  396 

.386 

•  377 

•  367 

•  357 

•  347 

•  338 

.328 

91 

3.318 

•309 

•299 

.290 

.280 

.271 

.261 

.252 

•  243 

•  233 
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V. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

• 

9 

F-s. 

Seconds. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

92 

3-224 

.215 

.206 

.196 

.I87 

.178 

.169 

.160 

•  151 

.142 

93 

3-133 

.124 

•"5 

.106 

.097 

.088 

.079 

.071 

.062 

•053 

94 

3-044 

.036 

.027 

.Oig 

.OIO 

.OOI 

*-993 

*.984 

*.976 

*.g67 

95 

2-959 

•951 

.942 

•934 

.926 

.919 

.909 

.901 

•  893 

.885 

96 

2.876 

.868 

.860 

•  852 

•844 

•  836 

.828 

.820 

.812 

.804 

97 

2.797 

.789 

.781 

•773 

.765 

•  758 

•  750 

.742 

•  734 

.727 

98 

2.719 

.712 

.704 

•  697 

.689 

.682 

.674 

.667 

•  659 

•  652 

99 

2.645 

.637 

.630 

.623 

.616 

.608 

.601 

-594 

•  587 

•  580 

IOO 

2.572 

.565 

-558 

•  551 

•544 

•  537 

•530 

•  523 

•517 

.510 

IOI 

2.503 

.496 

.489 

.482 

.476 

.469 

.462 

.456 

•  449 

•442 

IO2 

2.436 

.429 

•  423 

.416 

.409 

•  403 

•  397 

•  390 

•  384 

•  377 

103 

2.371 

•  365 

•  358 

•  352 

•  346 

•  339 

•  333 

•  327 

.321 

•315 

IO4 

2.308 

.302 

.296 

.290 

.284 

.278 

.272 

.266 

.260 

-254 

105 

2.248 

.242 

.236 

.231 

.225 

.219 

.213 

.207 

.202 

.196 

106 

2.190 

.184 

.179 

•173 

.167 

.162 

•  156 

•151 

•  145 

.140 

107 

2.134 

.129 

.123 

.118 

.112 

.107 

.102 

.096 

.091 

•  085 

108 

2.080 

•075 

.070 

.064 

•059 

-054 

•049 

•  043 

•  038 

•  033 

109 

2.O28 

.023 

.018 

.013 

.008 

•  003 

*.gg8' 

*-993 

*.988 

*-g83 

no 

1.978 

•973 

.968 

•963 

•958 

•  953 

.948 

•943 

•  938 

•  933 

in 

1.929 

-924 

.919 

.914 

.glO 

•  905 

.900 

•  895 

.891 

.886 

112 

I.88I 

•877 

.872 

.867 

•  863 

•  858 

.854 

.849. 

•  845 

.840 

"3 

1.835 

.831 

.826 

.822 

.817 

•  813 

808 

.804 

.800 

•  795 

114 

I.79I 

.786 

.782 

•778 

•  773 

.769 

•765 

.760 

•  756 

•  752 

H5 

1-747 

•  743 

•739 

•  735 

•  730 

.726 

.722 

.718 

.714 

•  709 

116 

1.705 

.701 

.697 

•693 

.689 

.684 

.680 

.676 

.672 

.668 

117 

1.664 

.660 

.656 

.652 

.648 

•  644 

.640 

•  636 

•  632 

.628 

118 

1.624 

.620 

.616 

.612 

.608 

.604 

.600 

•596 

•593 

•589 

119 

1.585 

.581 

•577 

•573 

•  569 

•  566 

•  562 

•558 

•554 

•  550 

1  20 

1-547 

•  543 

•539 

•535 

•  532 

•  528 

•  524 

.520 

•517 

.513 

121 

1.509 

.506 

.502 

•498 

•  495 

.491 

.487 

.484 

.480 

.476 

*122 

1-473 

.469 

.466 

.462 

•  459 

•455 

•  451 

.448 

•444 

.441 

123 

1-437 

•  434 

•  430 

•427 

•  423 

.420 

.416 

•  413 

.409 

.406 

I24 

1.402 

•399 

•395 

•392 

•  388 

-385 

.382 

•378 

•375 

-371 

125 

1.368 

-365 

.361 

.358 

•  355 

•351 

-348 

•  344 

•341 

•  338 

126 

1-334 

-331 

.328 

•  325 

.321 

•  318 

-315 

•  3« 

•  308 

•305 

127 

1.302 

.298 

•  295 

.292 

.289 

•  285 

.282 

.279 

.276 

.272 

128 

1.269 

.266 

•  263 

.260 

•  257 

•  253 

.250 

•  247 

•  244 

.241 

129 

1.238 

-234 

.231 

.228 

.225 

.222 

.219 

.216 

.213 

.210 

130 

1.206 

.203 

.200 

.197 

.194 

.191 

.188 

.185 

.182 

.179 

131 

1.176 

-173 

.170 

.167 

.164 

.161 

-158 

•  155 

.152 

.149 

132 

1.146 

•  143 

.140 

•  137 

•  134 

.131 

.128 

•  125 

.122 

.120 

133 

1.117 

.114 

.in 

.108 

.105 

.IO2 

•099 

.096 

..093 

.091 

134 

1.088 

.085 

.082 

.079 

.076 

•073 

.071 

.068 

.065 

.062 

135 

1.059 

•05* 

•  054 

•  051 

.048 

•  045 

-043 

.040 

•037 

-034 

136 

1.032 

.029 

.026 

•  023 

.020 

.018 

-015 

.012 

.OIO 

.007 

137 

1.004 

.001 

*-999 

*.gg6 

*-993 

*.ggi 

*.g88 

*.985 

*-g83 

*.g8o 

138 

0-977 

-975 

•  972 

.969 

.967 

.964 

.961 

•959 

-956 

•954 

139 

0.951 

.948 

.946 

•  943 

.940 

•  938 

•935 

•  933 

•930 

.927 

I4O 

0.925 

.922 

.920 

.917 

.915 

.912 

.909 

•  907 

.904 

.902 

141 

0.899 

.897 

.894 

.892 

.889 

.867 

.884 

.882 

.879 

.877 
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V. 

0 

1 

i>        3 

4 

5 

6 

7 

8 

9 

F-s. 

Seconds. 

Sees. 

Sees.    ]    Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

Sees. 

142 

0.874 

.872 

.869   |    .867 

.864 

.862 

•859 

•857 

•854 

.852 

143 

0.849 

.847 

.844   1    .842 

•839 

.837 

•835 

.832 

.830 

.827 

144 

0.825 

.822 

.820       .818 

.815 

.813 

.810 

.808 

'  .806 

.803 

145 

0.801 

.798  !  .796 

•  794 

.791 

.789 

.787 

.784 

.782 

.780 

146 

0.777 

•  775 

•  773 

.770 

.768 

.766 

•763 

.761 

•  759 

•756 

147 

0.754 

•  752 

.749 

•  747 

•  745 

•  742 

.740 

.738 

•736 

•  733 

148' 

0.731 

.729 

.727 

•  724 

.722 

.720 

.717 

.715 

•  713 

.711 

149 

0.708 

.706 

.704 

.702 

.700 

.697 

.695 

•693 

.691 

.688 

ISO 

0.686 

.684 

.682 

.680 

.677 

•  675 

•673 

.671 

.669 

.666 

151 

0.664 

.662 

.660 

.658 

.656 

•653 

•  65I 

.649 

.647 

•  645 

152 

0.643 

.641 

.638 

.636 

•  634 

.632 

•  630 

.628 

.626 

.623 

153 

0.621 

.619 

.617 

.615 

.613 

.611 

.609 

.607 

.605 

.602 

154 

0.600 

.598 

•  596 

•  594 

•  592 

•590 

.588 

.586 

•  584 

.582 

155 

0.580 

-578 

.576 

•  574 

•  572 

•570 

.568 

.565 

•  563 

.561 

156 

0-559 

•  557 

•555 

•  553 

•  551 

•549 

•  547 

•545 

•543 

•541 

157 

0-539 

•  537 

•  535 

•  533 

•531 

•  529 

.527 

•  525 

•  523 

.521 

158 

0.519 

.517 

.515 

•  513 

•  511 

.510 

.508 

.506 

•  504 

.502 

159 

0.500 

.498' 

.496 

•  494 

.492 

.490 

.488 

.486 

.484 

.482 

160 

0.481 

•  479 

•  477 

•  475 

•  473 

•  471 

.469 

.467 

.465 

•  463 

161 

0.462 

.460 

•  458 

.456 

•  454 

•  452 

•  450 

.448 

.446 

•  445 

162 

0-443 

.441 

•  439 

•  437 

•  435 

•  433 

•  432 

•430 

.428 

.426 

163 

0.424 

.422 

.421 

.419 

.417 

.415 

•  413 

.411 

.410 

.408 

164 

0.406 

.404 

.402 

.401 

•399 

•  397 

•  395 

•  393 

•  392 

•  390 

165 

0.388 

.386 

•  384 

.383 

.381 

•  379 

•  377 

•  375 

•374 

•372 

166 

0.370 

.368 

•  367 

.365 

•  363 

.361 

.360 

•  358 

•  356 

•354 

167 

0.353 

•  351 

•  349 

•347 

•  346 

•  344 

•  342 

•  340 

•  339 

•  337 

1  68 

0-335 

•  333 

•  332 

•330 

.328 

•327 

.325 

.323 

.321 

.320 

169 

0.318 

.316 

.315 

•313 

•  3" 

•  309 

.308 

.306 

•  304 

•303 

170 

0.301 

•  999 

.298 

.296 

•294 

•  293 

.291 

.289 

.288 

.286 

171 

0.284 

.283 

.28r 

•279 

.278 

.276 

•  274 

.273 

.271 

.269 

172 

0.268 

.266      .264 

.263 

.261 

.260 

.258 

.256 

.255 

•  253. 

173 

0.251 

.250 

.248 

•247 

•  245 

•  243 

.242 

.240 

.238 

•237 

174 

0.235 

•  234 

.232 

.230 

.229 

.227 

.226 

.224 

.222 

.221 

175 

0.219 

.218 

.216 

•  215 

.213 

.211 

.210 

.208 

.207 

.205 

176 

0.203 

.202 

.200 

.199 

.197 

.196 

.194 

.192 

.I9I 

.189 

177 

0.188 

.18-6 

.185 

.183 

.182 

.180 

.178 

•177 

•175 

.174 

178 

0.172 

.171 

.169 

.168 

.166 

.165 

.163 

.162 

.160 

•159 

179 

0.157 

.156 

•  154 

.152 

•  151 

.149 

.148 

.146 

•145 

•143 

1  80 

0.142 

.140 

•  139 

.137 

.136 

•134 

•  133 

•  131 

.130 

.129 

181 

0.127 

.126 

.124 

.123 

.121 

.120 

.118 

.117 

•  "5 

.114 

182 

O.II2 

.in  1   .109 

.108 

.107 

.105 

.104 

.102 

.101 

.099 

183 

O.OgS 

.096 

•095 

•  093 

.092 

.Ogo 

.089 

.088 

.086 

.085 

184 

0.083 

.082 

.080 

.079 

.078 

.076 

•  075 

.073 

.072 

.070 

185 

0.069 

.068 

.066 

.065 

.063 

.062 

.061 

•  059 

.058 

.056 

1  86 

0.055 

.054 

.052 

.051 

•049 

.048 

.047 

.045 

.044 

.042 

187 

O.O4I 

.040 

.038 

•  037 

•035 

•034 

•  033 

.031 

•  030 

.029 

188 

O.027 

.026 

.024 

.023 

.022 

.020 

.019 

.018 

.016 

.015 

189 

O.OI4 

.012 

.Oil 

.009 

.008 

.OO7 

.005 

.004 

.003 

.001 

110 


XII.     TABLE   OF  VALUES   OF 

h  =  £gt2  =  16.0954  t2    FEET. 


t 

0 

1 

2 

3 

4 

5 

6 

T 

8 

9 

I.O 

I.I 

1.2 

Feet. 
16.10 
19.48 
23.18 

Feet. 
16.42 
19.83 
23-57 

Feet. 
16.75 
20.19 
23.96 

Feet. 
17.08 
20.55 
24-35 

Feet. 
17.41 
20.92 
24-75 

Feet. 
17-75 
21.29 

25.I5 

Feet. 
18.08 
21.66 

25-55 

Feet. 
18.43 
22.03 

25.96 

Feet. 
18.77 
22.41 
26.37 

Feet. 
19.12 
22.79 
26.78 

1-3 
1,4 

i-5 

27.20 

31-55 
36.21 

27.62 
32.OO 
36.70 

28.04 
32-45 
37-19 

28.47 
32.91 
37-68 

28.90 
33-38 
38.17 

29.33 

33.84 
38.67 

29.77 
34.31 

39-  17 

3O.2I 

34-78 
39.67 

30.65 

35-26 
40.  18 

3I.IO 

35-73 
40.69 

1.6 

i-7 
1.8 

4I.2O 
46.52 
52.15 

41.72 
47.06 
52.73 

42.24 

47-62 
53-31 

42.76 

48.17 

53-9° 

43.29 

48-73 
54-49 

43-82 
49.29 
55.09 

44-35 
49.86 
55-68 

44.89 

50.43 
56.28 

45-43 
51.00 
56.89 

45-97 
51-57 
57-49 

1.9 

2.O 
2.1 

58.10 
64-38 
70.98 

58.72 
65.03 
71.66 

59-33 
65.68 

72.34 

59-95 
66.33 
73.02 

60.58 
66.98 
73-71 

61.20 

67.64 
74.40 

61.83 
68.30 
75-09 

62.46 
68.97 
75-79 

63.10 
69.64 
76.49 

63-74 
70.31 
77.20 

2.2 

2-3 

2.4 

77.90 

85.14 
92.71 

78.61 
85-89 
93-48 

79-32 
86.63 
94.26 

80.04 
87.38 
95-04 

80.76 

88.13 
95.83 

81.48 
88.89 

96.61 

82.21 
89.64 
97.40 

82.94 
90.41 
98.20 

83.67 
91.17 
98.99 

84.41 
91.94 
99-79 

2.5 

2.6 

2.7 

100.6 
108.8 
II7-3 

IOI.4 
iog.6 
II8.2 

IO2.2 
IIO-5 
Iig.I 

103.0 
111.3 

I2O.O 

103.8 

112.  2 
120.8 

104.7 

113.0 
121.7 

ioS-5 
113-9 

122.6 

106.3 
114.7 
123-5 

107.2 
115.6 
124.4 

108.0 
116.4 
125.3 

2.8 
2-9 

3-o 

126.2 

135-4 
144.9 

127.1 

136.3 
145.8 

128.0 
•  137-2 
146.8 

128.9 
138.2 
147-8 

129.8 

139  -I 

148.8 

130.7 

140.  1 

149.7 

I3I.6 
I4I.O 
150.7 

132.6 
142.0 
I5I-7 

133-5 
142.9 

152.7 

134-4 
143.9 
153-7 

3-i 

3-2 

3-3 

154-7 
164.8 

175-3 

155-7 
165.8 

176.3 

156.7 
166.9 

177-4 

157-7 
167.9 

178.5 

158.7 
169.0 
179.6 

159.7 

170.0 

180.6 

160.7 
I7I.I 
I8I.7 

161.7 
172.1 

182.8 

162.8 
173.2 
183.9 

163.8 
174.2 
185.0 

3-4 
3-5 
3-6 

186.1 
197.2 
208.6 

187.2 
198.3 
209.7 

188.3 
199.4 
2IO-9 

189.4 
2OO.6 
212.  1 

I90.5 
2OI.7 

213-3 

191.6 

202.8 
214.4 

192.7 
2OJ.O 
215-6 

193.8 
205.1 
216.8 

195.0 
206.3 
218.0 

196.1 
207.4 
219.2 

3-7 
3-8 
3-9 

220.3 
232.4 
244.8 

221-5 
233.6 
246.1 

222-7 
234-9 
247-3 

223.9 
236.  I 
248.6 

225.1 

237-3 
249.9 

226.3 
238.6 
25I.I 

227.5 
239.8 
252.4 

228.8 
241.0 
253-7 

230.0 
242.3 
255.0 

231.2 

243-5 
256.2 

4.0 
4.1 

4-2 

257-5 
270.6 

283.9 

258.8 
271.9 
285.3 

260.  I 
273.2 
286.6 

261.4 

274-5 

288.0 

262.7 

275-9 
289.3 

264.0 
277.2 
290.7 

265.3 
278.5 
292.1 

266.6 
279.9 
293-5 

267.9 
281.2 
294.8 

269.2 
282.6 
296.2 

4-3 
4-4 
4-5 

297.6 
311.6 
325.9 

299.0 
313.0 
327.4 

300.4 

3I4-4 
328.8 

301.8 
3I5.9 
330.3 

3O3.2 
3I7-3 
331-8 

304.6 
318.7 

333-2 

3O6.O 
32O.2 

334-7 

307-4 
321.6 
336-2 

308.8 
323.0 
337-6 

310.2 
324-5 
339-1 

4.6 

4-7 
4.8 

340.6 

355-6 
370.8 

342.1 
357-1 
372.4 

343-5 
358.6 

373-9 

345-0 
360.1 
375-5 

346.5 
361.6 

377-1 

348.0 
363.2 
378-6 

349-5 
364-7 
380.2 

351-0 
366.2 
381.7 

352-5 
367-8 
383-3 

354-0 
369-3 
384-9 

4.9 
5-0 

386.5 
402.4 

388.0 
404.0 

389-6 
405-6 

391.2 
407.2 

392.8 
408.8 

394-4 
410.5 

396.0 
412.1 

397-6 
413.7 

399-2 
4I5-3 

400.8 
416.9 

111 


t 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Feet. 

Feet.    Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet.    Feet. 

Feet. 

5.1 

418.6 

42O.3  421.9 

423.6 

425.2 

426.9  428.5 

430-2 

431-9 

433-5 

5-2 

435-2 

436.9  438.6 

440-3 

442.0 

443-6  445.3 

447.0 

448.7 

450.4 

5-3 

452.1 

453-8 

455-5 

457-3 

458.9  460.7  462.4 

464.1 

465-9 

467.6 

5-4 

469-3 

471.1 

472.8 

474-6 

476.3!  478.1  479.8 

481.6 

483-4 

485.1 

5-5 

486.9 

488.6 

490.4 

492.2 

494.0  495.8  497.6 

499-4 

501.2 

503-0 

5-6 

504.8 

506.6 

508.4 

510.2 

512.0  513.8 

5I5-6 

517-5 

519-3 

521.1 

5-7 

522-9 

524.8 

526.6 

528.5 

530.4 

532.2 

534-0 

535-8 

537-7 

539-6 

5-8 

541-4 

543-3 

545-2 

547-1 

549.0  550.8!  552.7 

554-6 

556.5 

558-4 

5-9 

560.3 

562.2 

564.1 

566.0 

567.9  569.8  571-7 

573-7 

575-6 

577-5 

6.0 

579-4 

581-4 

583.3 

585-2 

587.2  589.1  591.1 

593-0 

595-0 

597-0 

6.1 

598.9 

600.9 

602.9  604.8 

606.8 

608.8  610.7 

612.7  614.7 

616.7 

6.2 

618.7 

620.7 

622.7!  624.7 

626.7  628.7 

630.7 

632.8  634.8 

636.8 

6-3 

638.8 

640.9 

642.9 

644.9 

647.0  649.0  651.1 

653.1  655.2 

657-2 

6.4 

659.3 

661.3 

663.4  665.5 

667.5 

669.6  671.7 

673.8  675.9 

677.9 

6-5 

680.0 

682.1 

684.2 

686.3 

688.4 

690.5 

692.6 

694  .  8  696  .  9 

699.0 

6.6 

701.1 

703-3 

705-4 

707.5 

709-7 

711.8 

713.9 

716.1  718.2 

720.4 

6.7 

722.5 

724.7 

726.8 

729.0 

731-2 

733-4 

735-5 

737-7  739-9 

742.1 

6.8 

744-3 

746.4 

748.6 

750.8 

753-0  755.2  757.5 

759-7  761.9 

764.1 

6.9 

766.3 

768.5 

770.8 

773-0 

775-2  777.  4:  779-7 

781.9  784.2 

786.4 

7.0 

788.7 

790-9 

793-2 

795-4 

797.7  800.0  802.3 

804  .5  806  .  8 

809.1 

7-i 

811.4 

813-7 

816.0 

818.2 

820.5  822.8,  825.1 

827.5  829.8 

832.1 

7-2 

834.4 

836.7 

839.0 

841.3 

843.7  846.0 

848.4 

850.7  853.0;  855.4 

7-3 

857-7 

860.1 

862.4 

864.8 

867.1  869.5 

871-9 

874.3  876.6 

879.0 

7-4 

881.4 

883.8 

886.2 

888.5 

890.9  893.3 

895.7 

898.1 

900.6 

903.0 

7-5 

9°5-4 

907.8 

910.2 

912.6 

915.1  917.5 

919.9 

922.4  924.8 

927.2 

7.6 

929.7 

932.1 

934-6 

937-0 

939-5;  941-9 

944-4 

946.9!  949.3 

951.8 

7-7 

954-3 

956.8 

959-3 

961.8 

964.2;  966.7 

969.2 

971.7 

974-2 

976.7 

7.8 

979-2 

981.8 

984.3 

986.8 

989.3  991.8 

994-4 

996.9 

999-4 

IO02 

7-9 

1005 

1007 

1009 

1012 

1015!  1017 

1020 

1023 

1025 

1028 

8.0 

1030 

1033 

1035 

1038 

1041 

1043 

1046 

1048 

1051 

1053 

8.1 

1056 

!059 

1061 

1064 

1066  1069 

1072 

1074 

1077   1080 

8.2 

1082 

1085 

1088 

logo 

1093   1095 

1098 

IIOI 

1104   1106 

8.3 

1109 

III2 

1114 

1117 

II2O   1122 

1125 

1128 

1130   1133 

8-4 

1136 

1138 

1141 

"44 

"47 

"49 

1152 

"55 

"57 

1160 

8-5 

1163 

1166 

1158 

1171 

"74   "77 

"79 

1182   1185 

1188 

8.6 

1190 

"93 

1196 

1199 

1202 

1204 

1207 

I2IO   1213 

1216 

8.7 

1218 

1221 

1224 

1227 

I23O   1232 

1235 

1238 

1241   1244 

8.8 

1246 

1249 

1252 

1255 

1258;   I26l 

1264 

1266 

1269'  1272 

8.9 

1275 

1278 

1281 

1284 

1286 

1289 

1292 

1295 

1298 

1301 

9.0 

1304 

1307 

1310  1312 

1315    1318 

1321 

1324 

1327   1330 

9.1 

1333 

1336 

1339   J342 

1345    1348 

1350 

1353 

1356!  1359 

9-2 

1362 

1365 

1368 

1371 

1374   1377 

1380 

1383 

1386;  1389 

9-3 

1392 

1395 

1398   1401 

1404   1407 

1410 

1413 

1416 

1419 

9.4 

1422 

1425 

1428  1431 

1434   1437 

1440 

1444   1447 

1450 

9-5 

1453 

1456 

1459  1462 

1465    1468 

1471 

1474   1477 

1480 

9.6 

1483 

1486 

1490  1493 

I496|   1499 

1502 

1505 

1508 

15" 

9-7 

I5M 

1518 

1521 

1524 

1527 

1530 

1533 

1536   t54» 

1543 

9.8 

1546 

1549 

1552  1555 

1558 

1562 

1565 

1568 

1571 

1574 

9.9 

1578 

I58l 

1584 

1587 

1590;   1593 

1597 

1600 

1603 

1606 

112 


APPENDIX   H. 


TABLE   I. 

Densities  corresponding  to  different  values  of  W —  W  -f-  w, 
in  grammes. 


Numbers. 

0 

1 

2 

3 

4 

1 

5 

6 

T 

8 

9 

Diff. 

700  

CC  T 

C27 

468 

•^s? 

n8 

77O 

127.6 

701  ,  

27C 

2<17 

!^5 

IOQ 

082 

OZA 

27.6 

702  

n72 

890 

862 

8^? 

807 

780 

27  4 

703  

72? 

698 

616 

c88 

icfir 

nil 

506 

27  4 

704.  . 

/1CT 

/12J 

ITfin 

287 

2i?n 

272 

27  4 

705  

T7"7 

TCO 

08? 

960 

27  2 

706  

878 

8?i 

824 

7l6 

689 

27  I 

707  

662 

fllA 

6O7 

580 

eei 

797 

^1/1  e 

418 

27  I 

708 

^fia 

499 

T/lg 

7OQ.  . 

Jv  L 
121 

310 

•25° 
986 

xj^g 

878 

26  9 

710  

I  00852 

S2C 

77T 

7l8 

ysy 

9JJ 
664 

677 

610 

26  8 

711  

rrgj. 

CUT 

760 

7A2 

26  8 

712.  . 

7lfi 

289 

262 

182 

O7S 

2fi  7 

71-7.  . 

O2  2 

889 

**9 

862 

836 

809 

26  6 

714.  . 

In.  89783 

7e6 

677 

fici 

C7T 

715.  . 

*i8 

/i6e 

A^8 

a8e; 

597 

27n 

7l6.  . 

2C7 

226 

jsy 

068 

OTC 

717  

I  88989 

062 

076 

9IO 

883 

8<7 

811 

804 

778 

752 

26  7 

718  . 

•J2fi 

620 

568 

CTC 

4.80 

7IQ.  . 

0«,l 

'•«8 

280 

2K/1 

228 

72O.  . 

2O2 

I7C 

I/1O 

T2^ 

OO7 

O7T 

ojc 

067 

26  T 

721 

T  87nlT 

888 

862 

836 

810 

784 

7?8 

7nfi 

722  

680 

654 

628 

6O2 

576 

ten 

K24 

408 

472 

4^16 

723.  . 

A2I 

10? 

760 

1A1 

717 

2flT 

2fit 

2^n 

217 

187 

-45-9 

724.  . 

l62 

I  if) 

IIO 

084 

058 

OT3 

981 

QIC 

O2Q 

2C  8 

725.  . 

I  86904 

878 

852 

826 

8OO 

77S 

727 

607 

671 

25  8 

726  

646 

620 

^OA 

568 

c/n 

KT7 

/-3 
466 

AdO! 

414 

2C  7 

727  

78a 

767 

T?7 

7IT 

286 

26O 

187 

157 

2S  7 

728  

177 

IO7 

O82 

056 

O^T 

OO5 

o8O 

nK/l 

Q2O 

80  7 

2S  ft 

72Q.  . 

I  85878 

8r^> 

827 

8O  I 

776 

7<O 

72S 

674. 

618 

2K  C 

••V 

730  

621 

*Q8 

£7-1 

547 

522 

4OU 

Alt 

Adfi 

42O 

^(i^ 

2?  /I 

115 


TABLE  I. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

7-JI   . 

i  8  *^6o 

^44 

378 

293 

267 

243 

217 

192 

167 

142 

25.2 

7^2.  .         .... 

116 

OQI 

066 

041 

01  5 

989 

973 

939 

914 

1890 

24.9 

7-1  -i 

I  84863 

839 

8n 

786 

762 

737 

714 

687 

653 

637 

25.7 

7-54  . 

612 

<87 

562 

536 

511 

rl86 

461 

436 

411 

389 

25.0 

7-5C  .  . 

361 

?3fi 

311 

?86 

260 

235 

210 

lS  = 

150 

13? 

25.0 

7-16.  . 

no 

085 

060 

035 

OIO 

985 

960 

935 

910 

885 

25.0 

T\~!  .  . 

1.83860 

835 

8TT 

786 

761 

736 

711 

685 

66r 

636 

25-o 

7^8 

612 

S86 

t;6o 

e.^6 

510 

487 

461 

437 

412 

388 

25  .0 

730.  . 

362 

338 

313 

?88 

264 

239 

214 

T8o 

165 

140 

25.0 

740 

114 

OQO 

064 

041 

016 

091 

967 

Q42 

017 

893 

25.0 

741 

1.82868 

84-? 

8iq 

7Q4 

760 

745 

720 

6O  «> 

670 

645 

24.6 

74.2 

621 

«;q6 

C72 

"547 

523 

498 

474 

44Q 

425 

400 

24.5 

74-3.  . 

376 

351 

326 

302 

277 

253 

228 

203 

179 

154 

24.6 

744.  . 

no 

105 

08  1 

056 

032 

008 

983 

Q5Q 

Q34 

qio 

24.6 

74  c 

i.  81886 

86  1 

8?7 

8r? 

788 

764 

739 

715 

6gi 

666 

24.4 

746. 

642 

617 

CnT 

^69 

544 

520 

496 

471 

447 

423 

24.3 

747  

399 

374 

35° 

326 

302 

??8 

253 

229 

205 

T8r' 

24.2 

748  

157 

132 

ro8 

084 

060 

036 

on 

987 

963 

939 

24.2 

749.  . 

1.80915 

890 

866 

842 

818 

794 

77° 

746 

722 

698 

24.1 

750  

674 

649 

625 

601 

577 

553 

52Q 

505 

481 

457 

24.  i 

751  

433 

409 

385 

361 

337 

313 

289 

265 

241 

217 

24.0 

752.  . 

IQ3 

1  60 

I4C 

121 

097 

°73 

049 

025 

OOI 

977 

24.0 

7C-1  . 

1  .  7QQ:i3 

Q2Q 

905 

88r 

8S7 

8?3 

809 

785 

761 

737 

23.0 

754..  . 

714 

6qo 

666 

642 

619 

595 

571 

51R 

524 

500 

23.7 

7ec.  . 

477 

453 

420 

4°  5 

38? 

358 

334 

311 

^87 

263 

23.7 

756  . 

240 

216 

IQ2 

168 

145 

121 

097 

074 

050 

026 

23.7 

7*7.  . 

003 

979 

95'; 

931 

908 

88,1 

860 

837 

813 

789 

23.7 

758.. 

1.78766 

742 

719 

69  5 
H 

672 

6^8 

62^ 

601 

578 

554 

23.5 

7*0.  . 

531 

507 

1R1 

rl6o 

437 

413 

39° 

366 

343 

319 

23.5 

760.  .  , 

206 

272 

249 

225 

202 

179 

155 

132 

108 

08  e, 

23.4 

761  . 

062 

O3Q 

015 

QQ2 

968 

Q45 

021 

898 

8?1 

«5T 

23.4 

762 

1.77828 

804 

781 

758 

7^4 

711 

688 

66/| 

641 

618 

23.4 

763  

595 

571 

518 

31 

525 

502 

479 

455 

432 

409 

386 

23.2 

764.. 

363 

33Q 

316 

J 

293 

270 

247 

223 

200 

177 

154 

23.2 

76s.. 

131 

IO7 

08] 

061 

038 

oi« 

QQ2 

969 

946 

923 

23.1 

766.. 

1.76900 

876 

853 

83O 

807 

7s! 

T6] 

738 

7J5 

692 

23.1 

116 


TABLE  I. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

I  76660 

646 

621 

600 

577 

C<4 

C7I 

508 

485 

462 

23.0 

768    

47O 

416 

101 

•370 

^47 

^24 

^OI 

^78 

255 

232 

22.9 

760 

2IO 

187 

164 

141 

TT8 

OQ^ 

072 

049 

026 

003 

22.9 

•770 

T  7^081 

Qd8 

QTC 

QI2 

889 

866 

843 

8?o 

797 

774 

22.9 

7^2 

72O 

7O6 

68l 

66  T 

638 

^>T5 

S91 

57° 

547 

22.7 

C2? 

<O2 

47Q 

4<\6 

414 

411 

388 

366 

343 

320 

22.7 

77^  .        

208 

27? 

252 

227 

207 

184 

T6T 

139 

TT6 

093 

22.7 

O7I 

048 

02^ 

ocn 

080 

058 

qm 

qi2 

890 

867 

22.6 

I  74.84^ 

822 

800 

777 

755 

732 

710 

687 

665 

642 

22.5 

776 

62O 

CO7 

£71: 

ec2 

mo 

CO7 

485 

461 

440 

418 

22.5 

-IQC 

•372 

1SO 

^27 

305 

283 

260 

?l8 

215 

193 

22.4 

778 

T7T 

148 

126 

IO4 

08  1 

O^q 

037 

014 

qq2 

q?o 

22.3 

770        

I  7lq48 

Q2C 

qOI 

881 

858 

836 

814 

7QI 

769 

747 

22.3 

780   

72C 

7O2 

680 

658 

635 

613 

591 

568 

546 

524 

22.3 

78l.  . 

t;o2 

47O 

4.C7 

4.-3C 

413 

191 

368 

346 

324 

302 

22.2 

782 

280 

2«7 

2m 

21^ 

191 

169 

147 

125 

103 

08  1 

22.1 

781.  . 

o^o 

036 

OI4 

QQ2 

070 

948 

026 

qo4 

88? 

860 

22.  1 

78J.  . 

I  72838 

8ie 

701 

771 

749 

720 

7O5 

683 

66  T 

6iq 

22.  1 

78<v  . 

617 

CQC 

">71 

551 

529 

507 

1«^ 

463 

441 

419 

21.9 

786  

iq8 

176 

acd 

332 

310 

?88 

?66 

244 

222 

200 

21.9 

787  . 

170 

1^7 

iac 

113 

09! 

070 

0/18 

026 

004 

982 

21.8 

788   

i  .  71061 

Q^Q 

017 

805 

871 

8571 

830 

808 

786 

764 

21.8 

78Q.  . 

741 

721 

600 

677 

6^6 

634 

612 

591 

569 

547 

21.7 

7QO 

<?26 

CQ4 

482 

460 

439 

417 

395 

374 

352 

330 

21  .7 

7QI 

1Oq 

287 

265 

243 

222 

2OO 

T7« 

157 

135 

113 

21.7 

7Q2 

OQ2 

070 

040 

027 

006 

984 

963 

941 

020 

898 

21  .f. 

70-1  .  . 

1.70887 

855 

833 

«T? 

79° 

769 

747 

725 

704 

68? 

21.6 

7QJ.   .  '.  .  . 

661 

6iq 

6rS 

«5o6 

575 

554 

532 

511 

489 

168 

21  .4 

7QC 

447 

42"? 

404 

382 

361 

34° 

318 

297 

•275 

254 

21.4 

7o6.  . 

211 

211 

iqo 

T68 

147 

126 

104 

081 

06  1 

040 

21  .4 

7Q7 

Oiq 

Q07 

076 

Q54 

933 

912 

890 

869 

847 

826 

21.1 

7o8.  . 

I  .  69806 

784 

763 

742 

721 

700 

679 

658 

639 

616 

21  .1 

7QQ.  . 

SQS 

57S 

552 

531 

5°9 

^88 

467 

445 

424 

403 

21.2 

800  

382 

-560 

339 

318 

297 

276 

254 

233 

212 

191 

21.  1 

801  

170 

140 

T?8 

107 

086 

065 

044 

023 

002 

981 

21.  0 

8O2  

1.68050 

038 

017 

896 

*7S 

8"v1 

833 

8r?, 

791 

77° 

21.  0 

1 

117 


TABLK  I. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

8m 

I  6874O 

728 

7O7 

686 

66s 

644 

623 

602 

58T 

560 

21.  0 

804 

mo 

SiR 

407 

476 

455 

434 

413 

392 

371 

35° 

21.  0 

805   

•52Q 

108 

?8y 

?66 

245 

224 

203 

182 

r6r 

140 

2O.9 

806  

1  2O 

OOQ 

078 

057 

036 

015 

994 

973 

952 

932 

20.9 

807.  . 

I.67QI2 

801 

870 

849 

828 

808 

787 

766 

745 

724 

20.8 

808      

7O4 

683 

660 

641 

621 

600 

579 

559 

538 

517 

2O.7 

809  

AQ7 

476 

4RE 

434 

414 

393 

372 

352 

331 

310 

20.7 

gio    

2QO 

260 

248 

228 

207 

187 

166 

145 

125 

104 

20.6 

811  

084. 

06  •* 

O42 

022 

OOI 

981 

960 

939 

919 

898 

20.6 

812     

I  66878 

8«;7 

817 

8r6 

706 

775 

755 

734 

714 

693 

20.5 

811.  . 

671 

652 

632 

6TT 

591 

57° 

55° 

529 

509 

488 

20.5 

8l4 

468 

447 

427 

406 

186 

366 

345 

325 

304 

284 

20.4 

Sis  . 

264 

24^ 

221 

2O3 

T8? 

162 

141 

121 

IOI 

080 

20.4 

816  

060 

OHO 

OIQ 

OQO 

078 

958 

938 

917 

807 

»77 

20.3 

817.. 

i  6"\8^7 

816 

8r6 

706 

775 

755 

735 

714 

694 

674 

20.3 

818       

6?A 

611 

611 

eo7 

573 

553 

533 

512 

492 

472 

2O.  2 

819     

4^2 

411 

411 

^QI 

171 

351 

33° 

1IO 

290 

270 

20.  2 

820  

250 

22Q 

2OQ 

180 

l6q 

140 

129 

IOQ 

089 

069 

2O.  I 

821  

O4O 

O28 

OO8 

088 

n68 

948 

928 

908 

888 

868 

2O.  I 

822  

I  64848 

828 

808 

788 

768 

748 

7?8 

708 

688 

668 

2O.  O 

821 

648 

628 

608 

588 

568 

548 

578 

508 

rf88 

468 

2O.  O 

824.  . 

448 

428 

4O8 

-?8s 

36R 

348 

328 

308 

788 

268 

iq.O 

825.. 

24Q 

22Q 

2OQ 

189 

160 

149 

129 

109 

089 

069 

10.  0 

826  

OHO 

O1O 

OIO 

qoo 

97O 

950 

910 

OIO 

890 

870 

IQ.Q 

827 

I  63851 

831 

811 

70  1 

771 

752 

732 

v 

712 

692 

672 

iq.8 

828  

6m 

611 

611 

COT 

574 

554 

c-^4 

515 

495 

175 

10.7 

820.  . 

4^6 

4  16 

416 

106 

377 

357 

337 

3TR 

298 

278 

iq.7 

810.  .  , 

2KQ 

21O 

2IQ 

2OO 

180 

T6T 

141 

121 

102 

082 

iq.6 

Bar... 

06  1 

O41 

021 

004 

984 

965 

945 

925 

906 

886 

iq.6 

812.  . 

1.62867 

847 

827 

808 

788 

769 

749 

729 

710 

690 

Iiq.6 

831 

671 

6ci 

612 

612 

eq-j 

573 

554 

534 

515 

495 

IQ.  ^ 

8^4  . 

476 

4^6 

417 

417 

398 

379 

acn 

34° 

320 

301 

10.4 

815.  . 

282 

262 

241 

i221 

204 

184 

165 

145 

126 

106 

IQ.C 

836     

O87 

067 

048 

O2Q 

ooq 

qqo 

O7I 

95i 

932 

913 

IQ.a 

817 

I  .61804 

1874 

Kr.t. 

836 

816 

707 

778 

7^ 

739 

720 

IlQ.a 

838  

7OI 

68  1 

66? 

643 

623 

604 

585 

5^5 

546 

527 

iq.a 

118 


TABLE  I. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

Y 

8 

9 

Diff. 

8iq.  . 

488 

4SO 

411 

412 

1Q2 

777 

7C/1 

77? 

IQ  2 

840.  . 

7T6 

2n6 

277 

2";8 

21Q 

2  2O 

2OO 

181 

l62 

147 

in  2 

841.  . 

^yu 

OS? 

066 

O47 

O28 

oog 

nno 

n7i 

n?2 

in  I 

842 

8n/i 

87* 

856 

8l7 

8l7 

7n8 

760 

843.  . 

7,11 

913 

722 

°94 

684 

665 

64  C 

627 

608 

/79 
r;8n 

C7O 

19  o 

844 

/17C 

All 

418 

780 

845.  . 

l6  T 

5*3 

7O4 

«>8r 

266 

247 

228 

399 

Tno 

18  g 

846  .   

058 

847  

I  Knn82 

134 

O2  C 

906 

888 

869 

850 

811 

812 

18  8 

848  

7«6 

717 

7l8 

681 

662 

rS  8 

840.  . 

606 

C87 

c68 

°43 

TQ  0 

850    

418 

-j8o 

286 

455 

248 

To  a 

851  

2  1O 

211 

Tn2 

174 

ISS 

T77 

118 

08  1 

TQ  A 

8^2.. 

006 

087 

Sn^ 

Q7C 

TQ  . 

853  

i  i?88t;7 

838 

82O 

8O  I 

yuy 

781 

764 

VJ1 

746 

y1^ 

727 

°94 

7nn 

°75 

18.7 

TQ   r 

854.  . 

672 

6?7 

674 

6ie 

SO7 

*78 

C?n 

6/1T 

1O.5 

TO   - 

&CC 

48c 

466 

448 

1*1  A 

1O.7 

r8  f 

856  

300 

281 

267 

244 

226 

39-4 
208 

189 

35° 

337 

3^9 

18.5 
TQ   * 

857  

116 

OQ7 

O6O 

042 

005 

986 

068 

T0  _ 

8^8.. 

nT2 

804 

87? 

8C7 

8  In 

820 

802 

787 

949 

-/,- 

18.5 

rQ   i 

850.  . 

747 

7^8 

7IO 

692 

677 

6ce 

617 

618 

7°3 

7°5 

C82 

TQ  - 

860  

?6d 

CAS 

C27 

son 

472 

AS.A 

/17C 

18.3 

TQ  n 

861  

181 

762 

744 

126 

1O7 

289 

271 

18.3 
iR  n 

862  

198 

I7Q 

161 

147 

I2K 

TO7 

088 

O7O 

18.3 

T&   ft 

863  

016 

QQ7 

Q7Q 

961 

O47 

n2C 

no7 

889 

8"! 

8?7 

rQ  T 

864.. 

i  <;687"; 

816 

7o8 

780 

762 

744 

72C 

7O7 

689 

671 

T&   ', 

865  

6«i 

6^4 

616 

cng 

580 

^62 

S44 

K26 

co8 

T&   T 

866.  

472 

AfA 

4  16 

4l8 

4OO 

l82 

l64 

746 

728 

TQ  „ 

867  

2Q2 

271 

2se 

277 

2ln 

2OI 

181 

i6<; 

T47 

Tfl   T 

868  

III 

OQ  7 

O7C 

OS7 

O7O 

O2  1 

OO7 

o»  e 

86q.  . 

I  <;!;Q72 

QI4 

896 

878 

860 

842 

824 

806 

788 

17.9 

870  

7C-3 

7-JC 

717 

600 

68  1 

663 

64? 

627 

609 

em 

17.9 

871  

C74. 

e,t,f> 

ei8 

C.2O 

K.O2 

48? 

467 

44n 

All 

/1T7 

17.9 

TT  R 

872  

•106 

778 

360 

142 

124 

1O7 

289 

271 

2C7 

275 

17.8 
T7  A 

873  

218 

2OO 

182 

l64 

146 

1  2O 

III 

OO1 

O7C 

OUT 

17.8 
T7  9. 

874  

O4O 

O22 

OO4 

086 

060 

nei 

Oil 

916 

898 

880 

17.8 

T7-7 

119 


TABLE  I. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

875.. 

I  .  5486'* 

845 

807 

800 

702 

774 

756 

730 

721 

7O^ 

17.7 

876 

686 

668 

650 

633 

615 

508 

580 

<?62 

t)4l? 

C27 

17.6 

877  . 

ejo 

4Q2 

474 

457 

43Q 

422 

404 

386 

^6O 

'ICI 

17.6 

878.. 

•3-14 

316 

208 

•>«T 

263 

246 

228 

2IO 

IQ^ 

I7C 

17.6 

870.  - 

158 
5 

!I4O 

12^ 

IO5 

08^ 

070 

052 

O34 

017 

QQQ 

17.6 

880  

I   ^C)82 

064 

Q47 

Q2Q 

QI2 

805 

877 

860 

842 

82S 

17.4 

881  

808 

700 

777 

76C 

738 

721 

7°3 

686 

668 

6s  i 

17.4 

882  

614 

616 

CQQ 

581 

564 

547 

"?2q 

i(I2 

404 

477 

17.4 

881.. 

460 

442 

42* 

407 

3QO 

373 

355 

338 

32O 

3O3 

17.4 

884    

286 

^68 

2m 

214 

216 

IQQ 

T8" 

l64 

147 

I  •JQ 

17  ^ 

885  

in 

OQC 

O78 

061 

O4^ 

026 

ooq 

001 

Q74 

01:7 

17  1 

886  

I  ?2q4O 

Q22 

OCX 

888 

871 

8^4 

836 

819 

802 

78s 

17  2 

887  . 

768 

VCQ 

7'2'2 

716 

600 

68? 

66/| 

647 

63O 

61^ 

17.2 

888  

eq6 

"578 

e6i 

C.AA 

^27 

^10 

4Q2 

475 

158 

!44I 

17.2 

880.. 

424 

406 

^80 

^72 

S=i^ 

338 

321 

304 

087 

27O 

17.  1 

890  

25^ 

23S 

218 

2O  I 

184 

167 

ISO 

133 

TT6 

OQQ 

17.  1 

801.  . 

082 

064 

047 

O^O 

013 

006 

Q7Q 

q62 

04  5 

028 

17.  1 

802.  . 

I.S1QII 

804 

877 

860 

813 

8?6 

809 

702 

775 

7SS 

I7.O 

So1;.  . 

741 

724 

707 

6qo 

673 

656 

639 

622 

605 

588 

l6.Q 

804. 

=  72 

etc 

K.-I8 

521 

"iO4 

487 

47° 

453 

436 

410 

I7.O 

8qe 

4O2 

185 

368 

•jei 

-1-14 

^17 

300 

783 

?r.6 

24Q 

16.9 

896..  ..-.  

233 

?T6 

IQQ 

T8-> 

165 

I4Q 

132 

115 

oq8 

08  1 

16  8 

807.  . 

065 

O48 

Cm 

014 

QQ7 

08  1 

064 

047 

Q3O 

QI3 

16.8 

808.. 

I  .  so8q7 

8RO 

863 

8^6 

8?q 

813 

796 

779 

762 

745 

16.8 

800.  . 

72Q 

712 

60  s 

678 

66T 

645 

6?8 

6TT 

"504 

577 

16.8 

QOO.  . 

561 

544 

527 

510 

494 

477 

460 

444 

427 

410 

16.7 

QOI  .  . 

-1Q4 

-577 

^6O 

•34-1 

327 

3IO 

2Q3 

377 

260 

243 

16.7 

QO2.  . 

227 

2IO 

IQ'l 

177 

160 

144 

127 

no 

OQ4 

077 

16  6 

QO3.  . 

061 

044 

O27 

Oil 

QQ4 

078 

q6i 

044 

n?8 

qil 

16.6 

QO4.  . 

1  .  4q8qs 

878 

862 

84«; 

820 

8T" 

7q6 

77Q 

76^ 

746 

16  s 

QOS.  . 

73° 

713 

606 

680 

663 

647 

630 

613 

597 

S8o 

16.6 

006.  . 

"164 

e;47 

CTI 

SI4 

408 

481 

465 

448 

432 

41=, 

16  s 

QO7.  . 

3qq 

382 

766 

14Q 

^7^ 

^17 

300 

284 

267 

251 

16.4 

OO8.  . 

235 

7T8 

2O2 

T«5 

160 

1^2 

136 

nq 

103 

086 

16  <; 

QOO.  . 

O70 

IOS1 

|O^7 

O2  1 

004 

988 

072 

OSS 

030 

IQ23 

16  ^ 

QIO  . 

I  4>>ii>~ 

8(>c 

1874 

1857 

841 

8?5 

8oq 

;  7Q2 

7-r 

760 

Il6  d. 

I  /y 

1 

120 


TABLE  II. 

Table  for  the  reduction  of  grammes  and  tenths  of  grammes 

to  grains. 
[From  700  grammes  to  910  grammes.] 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

Y 

8 

9 

700     

10801.00 

16.43 
31-9 

47.3 

62.7 

78.2 

93-6 
10909.0 
24.4 
39-9 
55-3 
70.7 
86.2 
HOOI.6 
17.0 
32.5 
47-9 
63-3 
78.7 
94-2 
11109.6 
25.0 
40.5 
55-9 
71-3 
86.8 

II2O2.2 
17.6 

33-0 

48.5 
63-9 

02.5 
17.9 
33-4 
48.8 
64.2 
79-7 
95-1 
10.5 

25-9 
41.4 
56.8 
72.2 

87.7 
03.1 
18.5 
34-0 
49-4 
64.8 
80.2 

95-7 
ii.  I 
26.5 
42.0 

57-4 
72.8 
88.3 

03-7 
19.1 

34-5 
50.0 

65-4 

04.1 

ig-5 
35-0 
50-4 
65.8 

81.3 
96.7 

12.  1 

27-5 

43-o 
58.4 
73-8 

89-3 
04.7 
20.  i 
35-6 
51-0 
66.4 
81.8 

97-3 
12.7 
28.1 
43-6 
59-° 
74-4 
89.9 

05-3 
20.7 
36.1 
51.6 
67.0 

05.6 

21.0 
36.5 
51-9 
67.3 
82.8 
98.2 
13.6 
29.0 

44-5 
59-9 
75-3 
90.8 
06.2 

21.6 

37-1 
52.5 
67.9 

83.3 
98.8 
14.2 
29.6 

45-1 
60.5 

7,5-9 
91.4 
06.8 
22.3 
37-6 
53-1 
68.5 

07.2 

22.6 
38.1 
53-5 
68.9 
84.4 
99.8 
15-2 

30  6 
46.1 
61.5 
76.9 
92.4 
07.8 
23.2 
38.7 
54-1 
69-5 
84.9 
00.4 
15-8 
31-2 
46.7 
62.1 
77-5 
93-0 
08.4 
23-8 
39-2 
54-7 
70.1 

08.7 
24.1 
39-6 
55.0 
70.4 

85.9 
01.3 

16.7 
32.1 
47.6 
63.0 

78.4 

93-9 
09-3 
24.7 
40.2 
55-6 
71.0 
86.4 
01.9 
17-3 
32.7 
48.3 
63.6 
79.0 

94-5 
09.9 

25-3 
40.7 
56.2 
71.6 

10.3 

25.7 
41.2 
56.6 
72.0 

87.5 
02.9 

18.3 

33-7 
49-2 
64.6 
80.0 

95-5 
10.9 
26.3 

4r.8 

57-2 
72.6 
88.0 

03-5 
18.9 

34-3 
49-9 
65.2 
80.6 
96.1 

11.5 
26.9 

42-3 
57-8 
73-2 

ii.  8 
27.2 
42.7 
58.1 
73-5 
89.0 
04.4 
19.8 
35-2 
50-7 
66.1 

81.5 
97.0 
12.4 
27.8 
43-3 
58.7 
74.1 

89-5 
05.0 
20.4 
35-8 
51-4 
66.7 
82.1 
97-6 
13-0 
28.4 
43-8 
59-3 
74-7 

13-4 

28.8 

44-3 

59-7 
75-1 
90.6 
06.0 
21.4 
36.8 
52.3 
67.7 
83-1 
98.6 
14.0 
29.4 

44-9 
60.3 

75-7 
91.1 
06.6 

22.0 

37-4 
53-0 
68.3 
83.7 
99-2 
14.6 
30.0 

45-4 
60.9 

76.3 

14.9 
30.3 

45-8 
61.3 
76.6 
92.1 

07-5 
22.9 

38.3 
53-8 
69.2 
84.6 

OO.I 

15-5 
30.9 
46.4 
61.8 
77.2 
92.6 
6"8.i 
23-5 
38.9 
54-5 
69.8 

85.3 
60.7 
16.1 

31-5 
46.9 
62.4 

77-8 

701  .  . 

702 

7cn.  . 

704.  . 

705   . 

706.  . 

707  . 

708.  . 

7OQ    . 

7IO.  .  , 

711.  . 

712.  . 

711    . 

7I4-.    - 

7ic.  . 

716  

717  

718  

7IQ.  . 

72O.  . 

721  

722.  .:  

72'?.  . 

724.  . 

725  

726  

727  

728  

720.  . 

730  
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TABLE  II. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

G 

7 

8 

9 

71i.  . 

11279.3 
94-8 
11310.2 
25.6 
41.0 
56.5 
71.9 
87.3 
11402.8 
18.2 
33-6 
49.1 
64-5 
79-9 
95-4 
11510.8 
26.2 
41.6 
57-1 
72-5 
87.9 
11603.4 
18.8 
34-2 

49-7 
65.1 
80.5 

95-9 
11711.4 
26.8 
42.2 
57-7 
73-1 
88.5 
11803.9 
19.4 

80.8 

96.3 
11.7 
27.1 

42.5 
58.0 

73-4 
88.8 

04-3 
19.7 

35-1 
50.6 
66.0 
81.4 

96.9 
12.3 

27.7 

43-1 
58.6 
74.0 
89.4 
04.9 
20.3 
35-7 
5L2 
66.6 
82.0 

97-4 
12.9 
28.3 
43-7 
59-2 
74-6 
90.0 

05.-  4 
20.9 

82.4 
97-9 
13-3 
28.7 
44.1 
59.6 
75-o 
90.4 
05.9 
21.3 

36.7 
52.2 
67.6 
83.0 
98.5 
13-9 
29-3 
44-7 
60.2 
75-6 
91.0 
06.5 
21.9 

37-3 
52.8 
68.2 
83.6 
99.0 

14-5 
29.9 

45-3 
60.8 
76.2 
91.6 
07.0 
22.5 

83-9 
99-4 
14.8 
30.2 
45-6 
61.1 

76-5 
91.9 

07.4 

22.8 
38.2 

53-7 
69.1 

84-5 

00.0 

15-4 
30.8 
46.2 

61.7 

77-i 
92.5 
08.0 

23-4 

38.8 

54-3 
69.7 
85.1 
00.5 
16.0 

31-4 
46.8 
62.3 
77-7 
93-1 
08.5 
24.0 

85-5 

OI.O 

16.4 
31.8 
47-2 
62.7 
78.1 

93-5 
09.0 
24.4 
39-8 
55-2 
70.7 
86.1 
01.6 
17.0 

32.4 
47-8 
63-3 
78.7 
94.1 
09.6 
25.0 
40.4 
55-9 
71-3 
86.7 

02.1 
I7.6 
33-0 
48.4 
63.9 

79-3 
94-7 

IO.I 

25.6 

87.0 
62.5 

17.9 

33.3 

48.7 

64.2 
79.6 

95.0 
10.5 
25-9 
41.3 
56.8 
72.2 
87.6 
03.1 
18.5 
33-9 
49-3 
64.8 
80.2 
95-6 
ii.  i 
26.5 
41.9 

57-4 
72.8 
88.2 
03.6 
19.1 
34-5 
49-9 
65.4 
80.8 
96.2 
ii.  6 
27.1 

88.6 
04.1 
19-5 
34-9 
50.3 
65.8 
81.2 
96.6 

12.  1 

27-5 
42.9 
58.4 

73.8 

89.2 
04.7 

20.1 

35-5 
50.9 

66.4 
81.8 
97.2 
12.7 
28.1 
43-5 
59-° 
74-4 
89.8 
05.2 
20.7 
36.1 

5i-5 
67.0 
82.4 
97.8 
13.2 
28.7 

90.1 
05.6 

21.0 
36.4 

51.8 

67-3 
82.7 
98.1 
13.6 
29.0 
44.4 
59-9 
75-3 
90.7 
06.2 

21.6 

37-0 
52.4 
67-9 
83-3 
98.7 
14.2 
29.6 
45.0 
60.5 
75-9 
9!-3 
06.7 

22.2 

37-6 
53-0 
68.5 
83-9 
99-3 
14.7 
30.2 

91.7 
07.2 

22.6 
38.0 

53-4 
68.9 

84.3 
99-7 
15-2 

30.6 
46.0 

61.5 
76.9 

92-3 
07.8 
23.2 
38.6 
54-0 
69-5 
84.9 
00.3 
15-8 
31.2 
46.6 
62.1 

77-5 
92.9 
08.3 
23.8 

39-2 
54-6 
70.1 

85.5 
oo.g 
16.3 
31-8 

93-2 
08.7 
24.1 

39-5 
54-9 
70.4 

85.8 

OI.2 
I6.7 

32.1 

47-5 
63.0 
78.4 
93-8 
09.3 
24.7 
40.1 

55-5 
71.0 
86.4 
01.8 
17-3 
32-7 
48.1 
63.6 
79.0 
94.4 
09.8 
25-3 
40.7 
56.1 
71.6 
87.0 
02.4 
17.8 
33-3 

712.  . 

7-j-i.  . 

714.  . 

7-ie  .  . 

716    . 

717.  . 

718.. 

7^0.  ., 

74O 

74.1.  . 

74.2.  . 

74.  -j.  . 

744.  . 

74C.  . 

746  .  .  . 

74.7 

748  

74Q. 

7CO.  .  , 

7Ci  .  . 

752.  . 

7C'7.  . 

7*4.  . 

7cc.  . 

756.  . 

757  

758.  .       ..;.. 

7CQ.  . 

760.  .  . 

761  

762.  . 

763  

764.  . 

7&S.. 

766.. 
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TABLK   II. — Continued. 


Numbers. 

0 

1 

2      3 

Tft-T 

TrQo^     R 

j 

IT    r\  in    A 

768. 
769. 
770. 
771- 
772. 

773- 
774- 
775- 
776. 
777- 
778. 

779- 
780. 
781. 
782. 
783- 
784- 
785- 
786. 
787. 
788. 
789. 

79°  • 
791. 
792. 
793- 
794- 
795- 
796. 

797- 
798. 

799- 
800. 
801. 
802. 


4     5 


50.2 

65-7 
81.1 
96.5 

11911.9 

27.4 

42.8 

58.25 

73.68 

89.1 

12004.5 
19.9 

35-4 
50.8 
66.3 
81.7 
97.1 

I2II2.6 
28.0 

43-4 

58.8 

74-3 
89.7 
12205.1 
20. 6 
36.0 

51-4 
66.9 

82.3 

97-7 
12313.1 
28.6 
44-o 
59-4 
74-9 


753> 
268, 
684, 
099 
415 
930, 
345 
861, 

2  76 
692 

ob? 
423 
938 
353 
869 
284 
600 


•  3!54 


285 
6  01 
o  16 
5!32 
947 
462 
878 

293 
609 
o  24 
540 
955 
470 
886 

2  01 


,441-042.544 

.8J56.4J57:-959 
371.973.475 
787.3:88 
1 02.7  04.205 
18.1  19.621. 
033.635-I36. 
449.0:50.552. 
964.5  66.067 
379.9:81.483 


9|46. 
3'6i. 
877. 

2  92. 
60S. 


17.2 


10.7 

26.1 


12.2 


041.643. 

457-OJ58. 

72.5174. 

387.989. 

763.364. 


32 
548 
963 
478 
894 


.634-235 

i        . 
.049.651 

.4  65.066 

i 
.980.5  82 

I 
.395-997 


7     819 


1,45.647. 

5.61. 0.62. 


2]48.7 

6.64.1 

0|76.5|78.i|79-6 
4  91.9  93.5  95.0 


807.308, 

2  22.7  24, 
738.239 
llSS-fiSS. 


6  69.1 
084.5 


13-715.3 


27.629.2  30.7  32.3J33-8 
144.746.247.849.3 


5  60.  i  61.6  63.2  64.7 
075.677.1  78.780.2 
491.092.594.195.6 
806.4  07.909.5 
18.8^0.3  21.9  23.4  25.0  26.5 
7:37-338.840.441.9 
152.7 


5  68.1 


09.711.3 


083.685. 
499.060. 


12.8 


9!  54 

4:70 

8.85 

2|OO 

6:16 


547 
962 

478 


25 


14.4 


,140 
.556 
,o  71 
,486 

,8  02 

•733 
.148 

079 


3^29.931. 
745.346. 


,236.828. 
.6J42.2J43. 
•  o  57.&S9. 
.573.174. 
,9188.590.091.693.1 


6  76.2 


7I9-320, 

,2  34.8  36. 

,650.2  51 
,065.. 6  67 

.5  81.1  82 


753-3 


15-9 


10.4 
325.8 
841.3 

2'56.7 


70.7:72.2 
86.i'87.6 


16.9:18.4 


54.2 


69.6  71.2 


86.7 


17.5 


435.034.5 


948.5 


60.7  62.2  63.8  65.3 
979.3^80.8 


77. 


_  10.  i 

8:22.423.925.s 
337-939 


54-8 


i  68.7  70. 
684.285.787.388.8 


441.042.5 
56.457.9 


57-3 
72.7 


63.6 
19.0 


50.0 


94.796.2 


ii. 6 
27.0 


71.873.3 
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TABLE   II. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

801.  . 

12390-3 
12405.7 

21.2 
36.6 
$2.0 

67.4 
82.9 
98-3 
I25I3.7 
29.2 
44.6 
6o.O 

75-5 
90.9 
12606.3 
21.7 
37-2 
52.6 
68.0 

91.8 
07.2 
22.7 
38.1 
53-5 
68.9 
84.4 
99.8 
15-2 
30.7 
46.1 

61.5 
77.0 
92.4 
07.8 
23.2 
38.7 
54-1 
69-5 

93-4 
08.8 

24-3 
39-7 
55-i 
70.5 
86.0 
01.4 
16.8 
32.3 
47-7 
63.1 
78.6 
94.0 
09.4 
24.8 
40.3 
55-7 
71.1 

94-9 
10.3 
25.8 
41.2 
56.6 
72.0 
87.5 

02.9 

18.3 

33-8 
49.2 
64.6 
80.  i 

95-5 
10.9 
26.3 
41.8 
57-2 
72.6 

96-5 

II.  9 

27.4 
42.8 
58.2 
73-6 
89.1 

04-5 
19.9 

35-4 
50.8 
66.2 
81.7 
97.1 
12.5 
27-9 
43-4 
58.8 

74-2 

O,.     i 

98.0 

13-4 
28.9 

44-3 
59-7 
75-1 
90.6 
06.0 
21.4 
36.9 
52.3 
67.7 
83.2 
98.6 
14.0 
29.4 

44-9 
60.3 

75-7 

99.6 
15.0 
30.5 

45-9 
61.3 
76.7 
92.2 
67.6 
23.0 
38.5 
53-9 
69-3 
84.8 

OO.2 
15-6 
3I.O 

46-5 
61.9 

77-3 

01.  1 

16.5 

32.0 

47-4 
62.8 
78.2 

93-7 
09.1 

24-5 
40.0 

55-4 
70.8 
86.3 
01.7 
17.1 

32.5 
48.0 

63-4 
78.8 

52.7 
18.1 
33-6 
49.0 
64.4 
79-8 
95-3 
10.7 
26.1 
41.6 
57-0 
72.4 
87.9 

03-3 
18.7 

34-i 
49.6 
65.0 
80.4 

04.2 
19.6 

35- 
50.5 
65-9 
81.3 
96.8 
12.2 
27.6 
43-1 
58.5 
73-9 
89.4 
04.8 

20.2 

35-6 

5i.i 
66.5 
8i.g 

804   .        i     

80  e. 

806  

807.  . 

808                  

809    .          

810  

8n  

812                             

811 

8lJ. 

Sis 

816  

817.. 

818  

810.  . 

820  

821     

823. 
824. 

825. 

826. 
827. 
828. 
829. 
830. 

831. 

832. 

833. 
834. 
835. 

836. 

837. 
838. 


98.9 

12714.3 

29.7 

45-2 
60.6 
76.0 

9i-5 
12806.9 
22.3 
37-8 
53-2 
68.6 
84.1 

99-5 
12914.9 

30-3 


00.402.003.5  05. i '06.608. 2  09. 7 


15.8  17.4  18.920.5 


31.232.834.3 


22.023.6  25.1 


77-5 


79.i8o.6;82.2 
J 


II- 3 
26.7  28.2 


35- 9  37 -4  39 -° 4«. 5  42. i  43 -6 


46.748.349.851.452.954.556.057.6:59.1 
62.163.765.266.868.369.971.473-074-5 


83.785.386.888.489.9 


93. 094. 6  96.1197:7  99 -2.00. 8  02. 3  03. 9  05. 4 


08.4  10.011.5113.1 

23.825.426.9:28.5 


14.6  16.2  17.7 
30.031.633.1 


16.4 
31.8 


18.019.5  21. 1 
33.434.936.5 


39. 3'40. 9:42. 4144. 045. 5  47. i|48. 6  50.2  51. 7 
54.7  56. 3^7. 8:59. 4|6o. 962. 5  64.065.667.1 
7o.i7i.7J73-2J74-876-377-979-4j8i.o82.5 
85.6  87.2!88.7J90.3  91.8  93.494.9.96.5  98.0 
01.002.604.1:05.767.208.8  10. 3!  ii.  9  13.4 


19.320.8 
34.736.2 


22.6  24.2  25.7  27.3  28.8 
38.039.641.1)42.744.2 
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TABLE  II. — Continued. 


Numbers. 

0 

1 

2 

3 

4 

5 

53-5 
68.9 

84-3 
99.8 
15-2 
30.6 
46.1 
61.5 
76.9 

92.3 
07.8 
23.2 
38.6 
54-1 
69-5 
84-9 
00.4 

15-8 
31.2 
46.6 
62.1 

77-5 
92.9 
08.4 
23.8 
39-2 
54-6 
70.1 

85-5 
00.9 
16.4 
31.8 
47-2 
62.7 
78.1 
93-6 

6 

T 

8 

9 

810 

12945.8 

61.2 

76.6 

92.1 

13007.5 

22.9 

38.4 

53-8 
69.2 
84.6 
13100.1 
15-5 
30.9 
46.4 
61.8 
77-2 
92.7 
13208.1 
23-5 
38.9 
54-4 
69.8 
85.2 
13300.7 
16.1 

3i-5 
46.9 
62.4 

77-8 
93-2 
13408.7 
24.1 
39-5 
55-0 
70.4 
85.8 

47-3 
62.7 
78.1 
93-6 
09.0 
24.4 
39-9 
55-3 
70.7 
86.1 
01.6 
17.0 
32-4 
47-9 
63.3 
78.7 
94-2 
09.6 
25.0 
40.4 
55-9 
71-3 
86.7 

O2.  2 
I7.6 

33-0 
48.4 
63-9 
79-3 
94-7 

IO.2 
25.6 
4I.O 
56.5 
71-9 
87.4 

48.9 
64-3 
79-7 
95-2 
10.6 
26.0 
41-5 
56.9 
72-3 
87.7 
03.2 
18.6 
34-0 
49-5 
64.9 
80.3 
95-8 

II.  2 
26.6 
42.O 

57-5 
72.9 
88.3 
03.8 
19.2 
34-6 
50.0 

65.5 
80.9 

96-3 
ii.  8 
27.2 
42.6 
58.1 

73-5 
89.0 

50.4 
65.8 
81.2 
96.7 

12.  1 

27.5 

43-0 

58.4 
73-8 
89.2 
04.7 

20.1 

35-5 
5I.O 
66.4 

81.8 

97-3 
12.7 
28.1 

43-5 
59-o 
74'.  4 
89.8 

05-3 
20.7 
36.1 

51-5 
67.0 
82.4 
97-8 
13.3 
28.7 
44.1 
59-6 
75-0 
90.5 

52.0 
67.4 
82.8 
98.3 
13-7 
29.1 
44.6 
60.0 

75-4 
90.8 
06.3 
21.7 
37-1 
52.6 
68.0 

83.4 
98.9 

14-3 
29-7 
45-1 
60.6 
76.0 
91.4 
06.9 
22.3 
37-7 
53-1 
68.6 
84.0 

99-4 
14.9 

30.3 
45-7 
61.2 
76.6 
92.1 

55-1 
70.5 

85.9 
01.4 

16.8 

32.2 

47-7 
63.1 

78.5 
93-9 
0,9-4 
24.8 
40.2 

55-7 
71.1 
86.5 

02.0 
17.4 
32.8 
48.2 
63.7 
79-1 
94-5 
10.  0 

25.4 
40.8 
56.2 

71.7 
87.1 

02.5 
18.0 

33-4 

48.8 

64-3 
79-7 
95-2 

56.6 
72.0 
87.4 
02.9 
18.3 

33-7 
49-2 
64.6 
80.0 

95-4 
10.9 
26.3 
41.7 
57-2 
72.6 
88.0 

03-5 
18.9 

34-3 
49-7 
65.2 
80.6 
96.0 

ii.  5 
26.9 

42.3 
57-7 
73-2 
88.6 
04.0 
19-5 
34-9 
50.3 
65.8 
81.2 
96.7 

58.2 

73-6 
89.0 

04-5 
19.9 

35-3 
50.8 
66.2 
81.6 
97-o 
12.5 
27.9 

43-3 
58.8 
74.2 
89.6 
65.1 
20.5 
35-9 
51-3 
66.8 
82.2 
97.6 
I3-I 
28.5 
43-9 
59-3 
74.8 
90.2 
05.6 

21.  1 
36.5 
51.9 
67.4 

82.8 

98-3 

59-7 
75-1 
90.5 
06.0 
21.4 
36.8 

52.3 
67.7 
83.1 
98.5 
14.0 

29-4 
44-8 
60.3 

75-7 
91.1 
56.6 

22.0 
37-4 

52.8 
68.3 

83.7 
99.1 
14.6 
30.0 

45-4 
60.8 

76.3 
91-7 
67.1 

22.6 
38.0 

53-4 
68.9 

84.3 
99.8 

840.  .  , 

841 

842 

84^ 

844.  . 

SAC 

846  

847 

848  

840  . 

8=;o  . 

8<u  . 

8^2.  . 

8e-j.. 

8^4    . 

54 

8<5< 

8«;6.. 

8*7   . 

858  

8^0 

860  

861     

862     

861  . 

864     

86s   . 

866  

867.. 

868  

86q.. 

87O.    . 

871.. 

872.. 

871.  . 

874.. 
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TABLE   II. — Continued. 


875- 
876. 

877. 
878. 
879. 
880. 
881. 
882. 
883. 
884. 
885. 
886. 
887. 


Numbers. 

0 

1 

2 

3 

4 

5 

6 

T 

8 

9 

13501.2 

16.7 

32.1 

47-5 
63.0 
78.4 
93-8 
13609.3 
2a.7 

02.7 
18.2 

33.6 
49.0 

64.5 

79-9 
95-3 
10.8 
26.2 

04-3 

19.8 

35-2 
50.6 

66.1 

81.5 
96.9 
12.4 

27.8 

05.8 
21.3 
36.7 
52.1 
67.6 
83.0 
98.4 
13-9 

20.  3 

07.4 
22.9 
38.3 

53-7 
69.2 
84.6 
oo.o 

15.5 

30.  Q 

08.9 
24.4 

39-8 
55-2 
70.7 
86.1 
01.5 
17.0 
32.4 

10.5 
26.0 
41.4 
56.8 

72.3 
87.7 
03.1 

18.6 
34-0 

12.0 

27-5 
42.9 

58.3 

73-8 
89.2 
64.6 

20.1 

35-  S 

13.6 
29.1 

44-5 
59-9 
75-4 
90.8 
06.2 
21.7 
37.1 

15.1 
30.  C 
46.  c 
6i..j 
76.  < 
92.: 
07.' 
23.5 
38.  ( 

890.. 
891.. 
892. 

893. 
894. 

895. 
896. 
897. 
898. 
899. 

900. 
901. 
902. 

903. 
904. 

9°5- 
906. 
907. 
908. 
909. 
910. 


40.1 
55-6 
71.0 
86.4 
13701.8 
17-3 
32.7 
48.1 
63.6 
79.0 

94-4 
13809.9 

25-3 
40.7 
56.1 
71.6 
87.0 

13902.4 
17.9 
33-3 
48.7 
64.2 
79.6 
95-0 

14010.4 

25-9 
41-3 


4i.643.244.7;46.347.849-4  50.9:52.5  54-0 


03.3  04.906.408.009.5 


34-2 
49.6 
65.1 
80.5 


57-1 

72-5 
87.989.5 


58.7:60.2.61.8  63.3  64.9  66.468.069.5 


74-1 


75.677.278.780.381.8 
91. 092. 6'g4. i  95. 7  97. 2 


83.484.9 
98.800.3 


n. i 


20.4  21.9  23.5  25.0  26.6  28.1:29.7  31.2 
35 -8  37-3  38. 9  40. 4142.043. 5  45.  i  46. 6 


51-2 


82.1 


52.754.355-8 


66.768.2 


69.871.3 


83.6  85.2:86.7  88.3  89.8  91. 4*92.9 


95. 9  97- 5  99-0  °°-6  02. 1:03.7  05. 2  06. 8,08.3 


11.4 


13-0:14-5 


57-4 


12.614.215.7 


58.9  60.5  62.0 


72.974.476.077.5 


16.1  17.6,19.2  20.7 


28.4  29.9  3I-5 J33 -0,34-6  36.1 
42.243.8|45.346.9|48.4!so.o5i.5 

57-6 


73-1 

1.5 
03.905.5  O7.o'o8.6,io.i 


19.4 


50.251.853.354.956.4,58.0 

65. 767. 3!68. 8,70. 471. 9  73-5 


81.1 


74.776.2 


77.879.3-80.982.484.0 


22.323.8 


37-7 
53-1 


39-2 
54.6 
70.0 

85-5 


90.191.693.294.7196.397.399.400.9 
11.7  13.2  14.8  16.3 


21.0  22.5 


24.1  25.627.228.730.3  3I.S 


34.8  36.4  37.9  39.5  41.042.644.! 


82.784.285.887.388.990.492.0,93.5 


96 . 5  98 . i 


11.9 


13-5 


99.601.202.704.305.807.4,08.9 


27.429.030.5 


15.0  16.6  iS.i 


32.133-635-2 


19.7 


42. 8  44. 4'45. 9  47. 5  49-0  50. 6  52.  i  53-755-2 
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45.747-2 


59.5  61.1  62.6 
75.076.678.1 


21.2 


22.8(24.3 

36.738.339.8 


TABLE   III. 

Density  of  merciiry  at  different.temperatures.     (Centigrade.} 


Temperature. 

Density. 

Temperature. 

Density. 

Temperature. 

" 

Density. 

O   .  .        

11   "10600 

I4A   / 

11.56148 

21       .!.. 

3 

11.  54OQ1; 

I    

I-i.  CQ-iec 

•1C. 

13    ^602^ 

2lA 

I1.51Q52 

2    

11.  5QIIO 

ici 

1-2    eeQO'j 

24 

IT    e^SlC 

•7.  . 

11.58865 

16  

1-2    ec78o 

24l 

I1.517O1: 

4    . 

13.  *>862O 

i6i.  . 

I3.«6^8 

2C 

11.51585 

e  .  . 

13.  *837* 

17    . 

I'l.cecaG 

2C-J- 

I1.5146i 

6  

1  3  .  5  8  1  30 

174    . 

I  a    C^dia 

26      

11    5114C 

1  .  . 

11.57885 

18  

13.  ^^200 

26£  

11.5121"! 

8  

I3.5764O 

i8A. 

I'j    cej78 

27 

11.51005 

I3.573Q5 

IQ.  . 

j-j    ceo^^ 

27i. 

11.  52Q71 

91  .  . 
10  

I7.57I5O 

inA    . 

13.  ^4033 

28       

I1.5285C 

ii  

I  -a  .  C6QO^ 

2O  

I3.c;48lO 

28^  

11.52728 

12  

i^.  ei676o 

2OA. 

ii.  14688 

2Q    . 

I1.526o6 

12*.. 

1*2  .  c66^8 

21         

11.54.565 

2oi. 

I1.5248? 

13.    . 

1-2  .  c6^m 

2li.  . 

11.  54441 

1O 

11.  52l6l 

I-ii.  . 

13.  ^6303 

22       

11.  5412O 

14.  . 

i3.  ^6270 

224-. 

11.  54IQ7 
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TABLE  IV. 

Reduction  of  Fahrenheit  to  Centigrade  scale. 


Fahren- 
heit. 

Centi- 
grade. 

Fahren- 
heit. 

Centi- 
grade. 

Fahren- 
heit. 

Centi- 
grade. 

Fahren- 
heit. 

Centi- 
grade. 

2 

o 

40   . 

Q    4—  IO 

66.°.... 

18  9-10 

83.'. 

28  3-10 

C—  IO 

5O.  .  , 

IO 

67  

19  4—10 

84.. 

28  9-10 

1/i 

I    I—  IO 

SI.  . 

10  5—10 

68  

20 

85.. 

2Q  4—  IO 

-ie. 

i  6—  10 

12.  . 

II    I-IO 

60.. 

20  5—10 

86  

3O 

36... 

2   2—  IO 

e-j.  . 

ii  6-10 

70  

21    I-IO 

87  

30  5-10 

07.  . 

2   7-IO 

54.. 

12    2-IO 

71  

21    6-IO 

88  

31  i-io 

38.. 

1    1—  IO 

55  

12    7-IO 

72  

22    2-IO 

Bo.., 

31  6-10 

•2Q.  . 

3  q-io 

56.. 

13    3-IO 

73  

22    7-IO 

90  

32   2-IO 

4O  

4  4—10 

57  

13    Q-IO 

74  

23   3-IO 

91  

32  7-10 

4.1.  . 

e 

58.. 

14  4-IO 

75  

23   g-IO 

Q2.  . 

33   I-IO 

42.  . 

"i    S—  IO 

CO.  .  , 

15 

76  

24  4-IO 

Q-Z.  . 

33    Q—  IO 

4-3.  . 

6  i-io 

60  

15    5-IO 

77  

25 

Q4.. 

34  4—10 

44  .  . 

6  6—  10 

61  

16  i—  10 

78.. 

2S    1—  IO 

ner  .  . 

•JC 

4C.  , 

7    2-IO 

62  

16  6—  10 

70.. 

26  i—  10 

06.. 

-it   e-ie 

46  

7  7-IO 

63.. 

17    2-IO 

so  

26  6—  10 

Q7-  . 

36  i—  10 

47.  . 

8  1-10 

64  . 

17    7—  IO 

81 

27   2—  IO 

08.. 

36  6—  10 

48.. 

8    Q—  IO 

65.. 

18  3—10 

82 

27    7—  IO 

on.  . 

37   2—  IO 

To  reduce  centigrade  to  Fahrenheit  ; — Fahr.  =  Cen.  x  1.8-J-32". 
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PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 
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